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PREFACE. 

I 

In a country whose political and commercial in- 
terests are so inseparably connected with her naval 
prosperity, as in Britain, an attempt 'to render a 
correct knowledge of Navigation more easy and 
accessible to her mariners, merits encouragement 
rather than demands apology. Daily experience 
also proves that numbers of young men, after 
having spent several years in the service, are but 
very imperfectly acquainted with the scientific 
principles of their profession. Under the influence 
of these impressions, united with a desire to re- 
move this defect as much as possible, the subse- 
quent work was undertaken. With respect to the 
Treatise on Nautical Astronomy which forms its 
bases, the learned French astronomer, M. Biot, to 
the second edition of whose “ Traite elementaire 
d' Astronomic Physique ” it forms an important 
addition, thus describes the nature of the work, 
and the qualifications of its author. 

“ There is one branch of Astronomy (says he) 
which has never been treated in a convenient 
manner in elementary works, because this required 
great accuracy and simplicity joined to an expe- 
rienc#beyond what most men have an opportunity 
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of acquiring. This is Nautical Astronomy' f which 
has either been treated too superficially or in much 
too scientific a manner for mariners. I have, how- 
ever, been very fortunate in having this part 
added to my work, by one who ranks among those 
who are best qualified to write on the subject 
This is M. de Rossel, late Captain in the French 
Navy, coadjutor in and writer of the voyage of 
d'E ntreeastcaux. The observations made by 
M. de Rossel and the other officers, during the 
voyage, have generally been regarded as the most 
accurate ever made in any French maritime exper 
dition ; and M. de Rossel’s discussion of them as 
constituting an excellent Treatise on Nautical 
Astronomy. It is a Treatise of this kind, but 
more simple and concise, which this author has 
added to my work. It will be found to contain 
all the methods of calculation requisite at sea, and, 
what is not less valuable, they are given under the 
most simple and commodious forms that can be 
employed in their application. Mariners will 
not fail to remark the ingenious tables which M. 
de Rossel has calculated for facilitating the use of 
Douwe’s method of finding the latitude from two 
observations of the sun taken out of the meridian. 
This method, which may frequently be of great 
utility, is rendered so easy and convenient, by 
these “tables, that its use will ddubtless become 
familiar ito all mariners.”— It is 1 but justice to 
MM, Riot and Rossel, to add, that the Trandator 

v -w 
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}^1beei|j&voured with a confirmation of this state* 
mt^froih a gentleman whose personal knowledge 
afforded him many opportunities of appreciating 
the talents and qualifications of M. de Rossel, 
during tile period he was in the service of the 
British Admiralty. 

To render the work mom complete, and better 
adapted for perfecting the young mariner in, the 

most difficult branches of his art, the Tiitoslatbr 

** * 

has added an extensive series of practical examples, 
and an Introduction to the Tables, explanatory 
of their construction and use; with a Table of 
the Right Ascensions and Dedination of the prin- 
cipal fixed stars, used in finding the longitude at 
sea, and another of the logarithms of numbers and 
their complements, to an extent sufficient for the 
work. To these he has likewise subjoined a 
Table, the logarithmic sines and cosines with their 
complements, and differences for every 10 seconds 
of a degree, and also the logarithmic tangents and 
cotangents, with their differences corresponding to 
every 10 seconds. These, he trusts, will be found 
more convenient than the logarithmic tables in 
common use. A new and easy method of clearing 
the distance, lately published by the Rev. Dr. 
Brinkley, Professor of Astronomy in theUniversity 
of Dublin, has likewise been added tp the present 
wo^ and accompanied by a Table of* Natural 
Verspb Sines, bys : means of which the solution of 
this troublesome problem is greatly tadlitated. 

' #• t - 
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From this brief explanation, it wiUreadily be 
perceived that the object of this Treatise ^two- 
fold. First ; to furnish mariners with an accurate 
work, containing the most simple and commodious 
methods of calculating their position on the globe 
at any ‘given instant, with the assistance of the 
Nautical Almanac only. The second is that of 
supplying the young navigator with an extensive 
series new and practical examples, the solutions 
of which will gradually unfold the scientific prin- 
ciples of his profession, and familiarize him with 
their application. With this view, the work of 
one of the examples corresponding to each rule, 
has been inserted at full length, as a specimen of 
the method of working those to which the answers 
only are given. These examples have also been 
principally adapted to the years 1814 and 1815 ; by 
which means, a Nautical Almanac of a proper date 
will, for a considerable time, be constantly at hand. 

Great care has been taken to avoid errors, both 
in the formation and solution of these examples ; 
and they are now submitted, with greater con- 
fidence, to those who are accustomed to such 
calculations, from a firm persuasion that, should 
any error discovered, the liberal and enlightened 
British mariner will ever be more ready to correct 
than to condemn. 

f 

Royal Military Academy, Woolwich , 

April, 1815 . 
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CHAPTER I. 

# 

PreUvnmary Observations, and Methods of finding the given 
Quantities of the Calculations in the Nautical Al~ 
manac , or The Cmnaissance des Terns . 


1 Astronomy teaches us to calculate the motions of the 
heavenly bodies, and to ascertain the places which they ought 
to occupy in the heavens at any given instant. Nautical 
Astronomy is one of the most useful branches of this vast 
science; its object is to furnish navigators with the means of 
knowing the position which their zenith ought to have in 
the heavens, with respect to those heavenly bodies* the 
situations of have been made known by astronomers. 
It prescribes sitaple and easy rules* by the. assistance of 
which they may" ascertain? their position on the globe* or their 
latitude and longitude, 

£. Latitude is an arc ^{f the terresti*ial meridian comprised 
between any place and the equator; it is, consequently, the 
distant^ of the place from the equator measured in degrees; 
and is called North latitude when the place if situated in the, 
northern hemisphere; and South latitude when it if situated 
in the southern hemisphere. 


2 PJIELIAUNAAY OBSEttVATIOCNS CJtAt. i. 

Longitud^ ain afro 1 of the equator contained between 
die meridian of any place and that of another, which k called 
tl^e fir tt meridian. It is generally reckoned towards the east 
and west, from <T to 18 OP through each half of the equator. 
The longitude of all the meridians situated eastward of the 
first meridian is styled East longitude; and that of those 
meridians on the west of it, is called West longitude. 

There is not any circle on the earth's surface, the position 
ef^Rrhich is fixed like that of the equator, and from which 
the commencement of longitude can be reckoned; and there- 
fore any meridian may be taken at pleasure for the first. 
The different nations of Europe have adopted the meridian 
of the principal place where they observe the motions of the 
heavenly bodies, and to which each is accustomed to refer their 
positions: it is generally this meridian for which their Ephe- 
merides ore computed. The French reckon their longitude 
from the meridian of Paris, and the English foam that of die 
Royal Observatory, at Greenwich. There is not, therefore, 
any absolute longitude, properly speaking: it is only the 
difference of longitude that can be ascertained, which, as 
already observed, is equal to the arc of the equator comprised 
between the meridians of the two places, the positions of* 
which are compared ; or, which is still die some, to the 
spherical angle formed by the meridians of these places^ 

4 . Astronomers generally calculate the situations of die 

heavenly bodies with respect to the ecliptic; but observations 
can only give them directly in relation tostbe equator ; they 
ate equally obliged, in calculating from observations, to 
employ the dements, which serve to fix these positions pith 
regard to the equator; and, in Nautical^ Astronomy, the 
declinations and right ascensions of those bodies only are 
Used. - , 

5. Declination is the distance of a heavenly body frem the 
equator, measured on a great circle perpendicular to the 
equator, winch is called the circle of declination. It may lie 
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considered aft a celestial latitude, land, might 

be called by that dame; Dedinatleh isf* ninth; tile 
body is in the nofthern hemisphere ; *itnd south, 'vf&fitf ffcftfite 
southern hemisphere/ ’ ' ] *■""'* ' 7 

' The circfes of dedination, being perpeadidikr to the 
equator, ought to pass through the poles of that drde, arid 
to have analogous and corresponding positions iii the heavens 
to those of die meridians on die globe. ' Thus; when a 
heavenly body passes the meridian of anypl&ce'its cudfe of 
declination is immediately above that meridian, and ^tn die 
same plane with if. If, at that instant, the art of the circle 
of declination, or of die celestial meridian, comprised between 
the body and the zenith of the observer, be measured," or 
otherwise, if the altitude of the body, which is the compliment 
of the zenith distance, be observed, it wiBbe,easy to ascertain 
the latitude. In fact, the declination of the body, or its 
distance from the equator, being given in the Ephemerides, 
it is evident that the distance of the observer from die same 
circle, or his latitude, will be equal to that declination plus 
or minus the distance of the body from the zenith of the same 
observer. The altitude, which is directly obtained ' tram 
observation, may also be employed, instead of the zenith 
distance : the Calculation is a little different, as will be sub- 
sequently seen, but the result is the same. 4 

8. Right ascension is an arc of die celestial equator, com- 
prised between the circle of declination of any heavenly body 
and the point wft&re the ecliptic cuts the equator, and the 
sun commences his revolution : this is called the vernal equi- 
noctial point. Right ascension may, therefore, be regarded 
as a celestial longitude, with 'this difference, that, in the 
heavens, there is a point fixed by nature, from which to 
begin die reckoning; but, on the earth, the first meridian 
must be arbitrarily assumed, from vihich the computation of 
terrestrial longitude commences. But the Inalogy is accu- 
rate between the difference of longitude and that of right 

* S 
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ascension ; for this l*st is equal to an arc of the equator 
comprised besween two circles of declination, or celestial, 
meridians, or to the lpherical angle formed by those circles* 
The difference of longitude of any two places on. the surface 
of the earth, is, therefore, equal to the difference of right 
ascension of the two circles of declination which correspond 
to the meridians of those two places, and which are, conse- 
quently, in the same planes with them. 

. 7. This last consideration furnishes a new means of mea- 
suring terrestrial longitudes ; it is derived from the diurnal 
motion of the earth, or its revolution on its axis. The du- 
ration of a day, or twenty-four hours, is the time in. which 
die earth makes one revolution with respect to the sun, which 
is equal to the time that elapses between the passage of the 
sun over any meridian, and his return to the same meridian : 
twenty-four hours, therefore, corresponds to 360" of longi- 
tude or right ascension. Now, supposing the sun to be, on 
the first meridian, all places situated on that meridian reckon 
noon at the same time ; but those places on the other half of 
the same great circle diametrically opposite to the first meri- 
dian, that is, the places situated on another meridian 180* 
distant from the first, retekon midnight, or twelve hours less, 
at the same instant; therefore, 180" of longitude correspond 
to twelve hours qf time. The great <arclc which passes 
through the poles, and lias its plane perpendicular to that of 
the first meridian, forms two other meridians ; one of which 
90" to the east, and tire other 90" to the, west of the first. 
AU places situated on that to the west, reckon six hours less 
than, those -on the first meridian; the astronomical day will 
therefore not have commenced at them, and it will be effec- 
tively only the 18th hour of die preceding day* Those 
places that are situated on the meridian 90° east of the first, 
reckon six hours more then at this last, and have the .sixth 
hour of the day which has commenced at them; 90 J of lprt- 
vgifc&do, dnrefo-e, answer to six hours of time. ; These 00 . 
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orafourth of the equator, maybe suppcfid to be divided 
into sis equal parts, each of which will be 15?, ®rtd from 
this, it is concluded, that. 15" of longitude ccnrespandtoone 
hour of time; hence 1° answers to the fifteenth part of mi 
hour, or four minutes. By continuing the 4 subdivision, it 
will be found, that 15' of a degree answer to l' of time, and 
15* of a degree to 1* of time. Thus, longitude, <or rather 
the difference of longitude, may be reckoned in time, at the 
rate of 15" to an hour. - ^ 

8. Those places which are situated on a meridian 90° west 
of the first meridian, reckon, as already observed, doc hours 
less than those in the first meridian ; those that are 75 west, 
reckon five hours less ; and those at 15° count one hour less. 
Generally, at all places of west longitude, the time \s less 
than on the first meridian, by a number. of hours and mi- 
nutes equal to- the longitude of those places converted into 
time. Hence, whenever we wish to know the hour which 
ought to be reckoned on any meridian west of that where we 
are, the difference of longitude reduced into rime, must be 
subtracted from tie hour at this latter place. 

9- Those {daces tliat are situated on a meridian 90“ east, 
ward of the first meridian, reckon-six hours when it is noon 
at this last, they, therefore, reckon six hours more. Thus, 
in order to obtain the hour at any meridian 90° east of the 
first, the longitude, reduced into time, must be added to the 
hour at this last Generally, when the time is required that 
ought to be reckoned at places situated to the east of the me* 
ridian where we are, the time answering to the difference of 
the longitude corresponding to the two places must be added 
to the hour at this last meridian. 

10. The problem of longitude, therefore, consists in find* 
mg directly by observation, the hour at the place where we 
are, and the hour which is reckoned on the first meridian, or 
On any other' meridian, of which the longitude is known. 
It is easy to obtain the hour at any place by means of the alti- 
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obtained by obscurations of the distances between the moon 
and the sun or the* staSIf. The titne at die first meridian, 
ok at any oth^r, is also obtained by marine chronometers ; 
but as these machines are ^ftble to eftperienee slight demise* 
merits in their movements, they can’only be depended upon 
during a c&tain lapse of- time, and should be verified as 
often as possible. In general, they are more proper for as* 
certaining the difference of longitude of two places not ' far 
distant from 'each other, , than for determining absolute 
longitudes. ■ • . , 

The detail of the various -Operations which are necessary 
for calculating the latitude, the hour at any place where ob- 
servations have been made, and its longitude, will lie subse- 
quently given ; and. the methods of obtaining the azimuths, 
which serve to make known the variation of the magnetic 
needle, will also be treated of. The altitudes of the hea- 
venly bodies, and, their distances, are the only data which 
can be obtained in a direct and precise manner by observa- 
tion ; but they are not sufficient for calculating the required 
quantities : the declinations and right ascensions, which fix 
the positions of these bodies ih the heavens, must also be 
usedj as well as several other dements which are found ip 
Ephemerides. It will, therefore, lie necessary, first, pi show 
the methods of calculating theso elements. The values off 
these difierept quantities change every instant, and are only 
predicted for the time at the meridian ; tha|; time must, , 
therefore b^-cqjbulatgd, It ought to be reiqarited,««p<?r4ing 
to what has-been said, that, previous ^ entering upon the 
calculations, we are obliged to suppose, that the longitude of 
the place" bf the observation is known. The declinations and 



the Nautili Almanac, or the Copnaiss^nqe des 'JFernf , par-t 
take, indeed, of die error qf the longitude that, has beeiiera- 
ployed in calculating the time at the first meridian ; but* that 
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of thelwults will id waysbeso small, thfctlt may* beiegaedud 
as nothing. The rules that have feeeagiveiuio 4k tides 8 
and 9* for ^calculating the time at 4be 'first nat&% are 
therefore te.be followed ; and easy methods of converting 
latitude into time, shall also be g^veu, which soil greatly fa- 
cilitate their application. y Other rufe® shall likewise be given, 
far converting time into degrees of longitude, or {arts of the 
equator. This last operation is a? useful as the .first, and is 
often put in practice. , <> 

\ 

Method of reducing Degrees of Longitude into Time, 

11. Whenthe number of degrees exceeds 100, make 
use of the .tables c alculatedfig that purpo^* 

Reduce 183* 17' 30' of. longitude into time, t 
Take successively 

For 1SS° - - - ' - 8 U 5% 0" 

For 0 17 » - - 0 I 8 

For i O 0 30" ’ , - .002 

% ' %'■> * _ , . - i - , 

Sum ' * & 6$' 10“ 

This sum is die time required,,,;' 

* 

12. When the number of degrees is less than 100, it is 
more convenient to make use of the following rule : 

Multiply the seconds, minutes, and degrees, by four, and 
reckon the seconds of the product for thirds, the minutes 
seconds, and the degrees for minutes. 

■. let it be required to reduce into time # IT 8S 1 ' 
Multiplying by - 4 

Product - 2* 58' 10*18'" 

- - — - «+ - -* - r-111 ft- ■■ 

* THif, however, iMjte readily done by the rale give® is art. i$ -, aag 
the «e» af Ae tables altogether avoided. Trtont, 
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Divide the thirds by 6, and it will give a decimal fraction 
of a second, which, in the present case, is £*'$; the , time 
will therefore &2 h S3' 10"-2. * . - 

Methok tif reducing Time into Degrees of Longitude. 

. ‘‘ 

13. This reduction may be made by the assistance of the 

proper tables. ' trf ^s 

Let it be required to reduce into degrees 5 h 53' 8* 
Take successively 

For5 b - 75° 0' 0" 

ForO 53' - - - 13 15 0 

ForO 0 8 - - 0 0 45 

Sum - 88’ 15' 45" 

This sunl is the required reduction. 

When the proposed number contains tenths of a second, 
multiply the tenths by 6, and the product will be thirds, 
with which the corresponding parts of the degree is to be 
sought. 

If it were necessary to reduce into degrees 3 h 21' 11* '7 
Take for 3 h - - - 45° O' 0" 

forO 21' ... 5 15 0 

for 0 0 11' - - - 0 2 45 

forO 0 0-7x0=42" - 8 0 10-5 

Reduction required. Sum - 50 17' 55" -5 

14. In the case where the proposed number contains only 
minutes and seconds, it will be most expeditious to follow 
the reverse of the second method which has been given for- 
reducing degrees into time : viz. 

• For practical examples of this and the subsequent rules, see, the A r r r >*- 
biz, bjr the Translator. 
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Divide the minutes and Seconds by four, and reckon the 
minutes in Che quotient as , degrees, and the seconds as 
minutes. * • ■■ - * 

Reduce into degrees of longitude - - S& 44' 

The fourth is., - - « , ^ 14 9 66' 

If the proposed nu mbeopeontain tenths of a second, con- 
vert them' Into thirds, by multiplying them by 6; and 
re^cou the fourth of the thirds for seconds. 

Let it he required to reduce into degrees of,, 

longitude ----- ' ! "'4§' 35"‘4 

Write ------ 45' 35* 24"' 

The fourth of which is - - - - 11° 23' 51" 

4 

Method of calculating the given Quantities that are found 
in the Nautical Almanac, or the Cortnaissance ties Ttms> 
Jbr any proposed instant. 

f 

15* When the quantities contained in the Kaptical Al- 
manac, or Connaissancc des Terns, change slowly, they are 


* The most expeditious method of converting tim* into longitude, and which 
is applicable to all cases, is to divide the minutes, seconds, &c. by lour, as 
ab (VC directed, and then to add tl»e product arising from multiplying 15 
by the number ot hours in the given time, to the degrees in the quotient. 
By this method, the whole calculation may genendly be performed in lesv 
time than the several parts of the given quantity can be taken separately from 
a table ; besides 1 he groat advantage of not requiring any table. Thus, if it 
were required to find the long i rude answering to 9h. 24' 5a**4 of time ; 

First, "4" >; 

Then dividing by 4 ^ lW° 24 '* 

Quotient - - 6<> 13' hi" 

15 X 9=135 

, Longitude required 141^ Id' 61" 

It should be remarked, that Us the multiplier for converting the decimals of 
a second into thirds is 6, and the number of hours in the given time, in almost 
all practical cases, does not exceed 1$, these multiplications may atways b* 
performed mentally, which will greatly facilitate the whole operation. 
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meife rapidly, are c&kilkted for mer? twelve hours t tfaeUti. 

chnatfonpf the moon, given in the Connaissance, is ealcu- 
■*% \ 
lated for every si* hours,* It would be useless to give a 

particular fXanqple for ^ach of dm <ju|gj|de$ necessary to 
be obtained^ because all tite optealons are the qgpe, and are 
cottipr^iei^ed in the following rules. It wiH, cnterefore, be 
sufficient to unite* in several examples, the principal difficul- 
ties that odgKin practice, 

16. Calcullfe, according to the rules given in articles 8 
arid 9, the time at the first meridian corresponding to the 
proposed instant, or the ti^e of observation : then, take in 
the Nautical Almanac the* declination, right ascension, or 
any other element corresponding to, the nearest epoch pre- 
ceding that instant, also take the .sapie^qinent correspond- 
ing to tiie next following epoch. The difference of tile two 
quantities thg&Jound will be the change jghich the declina- 
tion, ngM Wm hsion, or other, element, has experienced in 
the interval between the two epochs for which this element 
has" been calculated. Subtract the time of the first epoch 
from the . time at the first meridian, which will give a se- 
cond interval ; then find, by proportional parts, the diange 
which corresponds to it If the quantities in. the fables are 
increasing add the^rlculated change to the quantity cor- 


* The sun’s longitude, right ascension in time, nnd decimation, are given in 
the Nautical Almanac for every 24 hours* or at noon fur every day m the 
year; and his semi-diameter for every sixth day of the mouth The moon's 
right astehsion, declination, semi-diameter, artd horizontal parallax, are also 
given for every 12 hours, or at both noon a^d midinght, with the time of her 
passage over the meridian at the Ro^al Observatory, Greenwich, for every day, 
are alto giyeji inthe same Ephemera. \ Tbe.britudw and longitudes of nine of 
the principal fi*ed stars are hke^ke^ven in the last page of the Nautical Al- 
manac for every year ; the longitude for the beginning- and thh latitude fbr flic 
middle of the ykr ; wfih ’Ah annual increase of tlic fo&er/ *«Mb ! the ^iatiW 

• A ' „ ' - H f J 

of the latter. Ti'tfne. *■* 
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responding to the first epoch ; but if they ape duhini*jlftq$ 
subtract ttfroiri the quantity corresponding tollieusame . 
epoch.- i, 

'"EihKpt* u " 1 ' - •*«* *■ 

(0, beinj 


vs 


On the 15th of 


in#I° 


at the t|t>ibh Mf Uo 


lie declination of the $ 
ie meridian. 4’’ . 

^ f ^ % 4 *■, • ^ ^ ^ ^ 5 ftp •t ^ , 

luce, by ‘ the rules of article 12, thef hmnttide into 
time, which will give 3 h 24' 53*, o? by tftki fcgpp f l ? nearest 
minute, 3 h 35'. The first meridian is^west of,tmit bFobaer- 
vat km, and it is not yet noon there; henca, subtract 3 h 25', 
or the difference of longitude, 4§®m the time at the first 
meridian, which is 0 or 24 hours. The reminder, S0 h 35', 
is the time for whid||he declination of the suri is to be cal- 
culated. But the 15th of March has not ^et commenced at 
the first meridian ; the calculation must, therefore, be made 
for the 14th, at 30^35'. The nearest peo^^v'|||bch is 
that of the 14th at noon, and the next following one is that 
of the 15th, at the samejiour. 


sr 40' i<rs. 
2-16 83 S. 


The 14th March at noon, declination 
The 15th * - 

Change in 24 hours, difference 
For 12 h 


24 h 

23' 

38" 

12 * 

11 

49 

0 

5 

54*5 

‘8 ! 

i 

‘ 2 

5t*2 

1. 1 

0 

69 


For 6 
For" 1 
For 1 
Far 0 85' 


23' 88" 

*#*' 
5 54 5 
0 59 
0 59 
0 34-4 


For 20 h 35'- Sum 20* 15*-9 


Make a wtiall table, similar to that mi the left hand above, 
in die following mariner : — say, the half of 24* 1 is 12* 1 ; the 
half of tifie change in 24 h is 11' 49*, which answers to I2 h . 
The half of 12>* is 6\ and that of 11' 49", or 5' 54"-5 is the 
change in 6* 1 . By following the same method, we shall have 
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■ tkeximngc in 3 h , which is S' 57''-2. The change for one 
Irour wUl be the, third of this number. It may he seen from 
the dh®^“table, what quantities it is necessary to add to> 
gedi^wqhtain die change of declination which answers to 
20 h 85' ; it is 20' 16” nearly, which ougl|t to be subtracted 
from the declination corresponding to the first epoch, or 
from^ 40' 10", because the declination of the sun is de- 
creasing, and ye shall have the declination required. ! 

The t^^tP'March at noon - - 2° 40' 10" S. 

Change m 20 h 35' - - - - 0 SO 16 

, Declination 14th March at 20 h 35',diff. 2 19' 54." S. 

If the declinations taken from the Nautical Almanac have 
not die, same denomination, that is, if one is north and the 
Other south, it will be a proof that the sun has passed the 
equator between the two epochs to which the declinations 
correspond^ Then the change in declination in 24 h , instead 
of being equal to the difference of the two declinations, will 
be equal to their sum. The following example will show 
die manner of proceeding urider this circumstance. 

Example it. 

On die 21st of March 1810, at 7 h 12' in the morning, 
civil time, or the 20th March, at 19 h 12', astronomical time, 
being iflPiT 22' of west longitude, it is required to calculate 
the declination of the sun at diat moment. 

The longitude reduced into time is 2 h 45', neglecting the 
seconds : the first meridian is east of the place of observa- 
tion, and, at the former, it is more tlian 19* 1 12' ; therefore, 
if to this hour there be added die difference of longitude of 
the meridians, 21 h 57' will be obtained for the time at die 
first meridian. 

Declination © , 20th March, at noon - 0" 18' 8" S- 

Declination 21st March, at noon - 0 5 S3 N. 

Change in 24 hours - - Sum 0° 23' 41" 
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s : 

23' 4sl" 

For 12 h 

- i ■. lift#** 

is 

11 SO 8 

For 6 - 

■ ■ 55 * 

6 

5 55 2 

For 3 


3 

3 5T6 

For 0 57' 1 - 

. j'&w ase 

a 

0 59# ” 

For 21“ 57 - 

Sum .21'' 30*5 


From th$' 20th of March at noon to the 2$stat the 
satrife hour, the declination first chtnims^eii jjrogteeately^ 
until it became nothing, then it ebangie^^^enoimna* 
tion, and increased until it became equal 33" N-, 

which is that of the second epoch. Since the change 
which has taken place between the 20th of March at noon, 
and the required instant, is greater than the declination 
at the first epoch, it is a proof that, at that instant, the 
sun had crossed the equator, and the declination had 
changed its name. In this case, subtract the declination of 
the 20 tli of March, from the calculated change in declina- 
tion, which will have a different denomination* from that of 
the first epoch, ; 

Declination on the 20th of March, at noon 0° 18' 8* S. 

Change in declination for 21 h 5T - 0 21 39 

Declxn. © 20th of March, at 21 b 5 T - 0 J 3' 31“ N. 

If the change in the calculated declination had been less 
than .that of the first epoch, the sun would not then have 
been In the northern hemisphere ; therefore, the change in 
declination must have been subtracted from declination of 
the first epoch, and the remainder would have been the de- 
clination required, of the same denomination as that of the 
firstepoclh 

Example m. 

On die 10th of „ April 1810, being in 161° 51' east longi- 
tude, required the declination of the moon at 15 minutes 
past 8 at night, civil time, or 8 h 15' astronomical time. 
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fbe hour at die place is 8^ 15', or, bgr adding ! £4 hours, 
it is 82 h 15' : subtract 10 b 46' from thisy which is (he .longi- 
tude reduced into time, and the hour at the firstmeridian 
he a^tejB ' ; but aS it was necessary to add 24P to the 
jipSjpww^fHhe, the 10t<h of April had not then commenced 
at the first -meridian, the required epoch is the fith of April, 

«t $&. J X'.,. 

Declin. of the « the 9th*$f April, at 18 b 18? 1& N. 

Declin. ' 0jj iSi® t on the 10th of April, at noon 10 18 

Change in 6 h Difference - - - - 7' 

18" : 

6“ V For 8 - . - 0° 3’;5 

* 8 . 3 5 0-29' - - 0 0-6 

1 J 1-2 „ For21 h 29 r - , - - 0° 4'1 

Dedin. of the 1 the 9th of April, at 18 h 18° 19' N. 

Dfeclinatibh diminishes, subtract - - - 4 

Declination, the 9th of April, at 21 h 29' 18° 15' N- 

Example iv. 

On the 18th of March, at 4 h 80' at night, being in 
91° 49" of west longitude, required the moon’s right as- 
cension. 

The longitude reduced into time, is O'* T ; this is to be 
added to the hour at the* place, and the time proposed at 
the first meridian, is the 18th of March, at 10 h 8T 


Moon's right ascension, the 13th at noatn 

16" 12' 

Right ascension, 

the 13th at midnight 

94 27 

Change in 12 hours Difference 

- 8? 15' 

W* '•( 8° Iff 

For 6 h 

4? 7*5 

& ‘ 4“ 7-5 

3 

- 2 8*7 

S 2 3*7 *” 

1 

. p 41-2 

1 j 0 41 *2 

0 37 

0 25*4 


For 10 h 37 

7° 17-8 


T 17-8 
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„• i Bight Gscetu of the d , the 18 th at noon 
* ’Bight ascension increasing^ affli i > ;;■ . 

, Bight ascekmon required • , * 



The declination and right ascension of th< 

In the Nautical Almanac 'only in degrees and mmu; 
wilt be sufficient, in calculating me ptopnrtloriaT * 1 
take into tlie account tenthsof minutes, and to fenpi 
sum without the fractions. ‘^Sfelow 0*5 the tilths-' lire' to be 
neglected ? find above »thM quantity, as in t &blh sifcas^ one 
minute more is to be taken. , , 

The preceding examples are. sufficient to show the me- 
thod of calculating the quantities that serve to fix the posi- 
tions which the sun, moon and planets occupy in the hea- 
vens. The other elements which experience* chai|gesinay 
also be calculated by methods altogether analogous to these, 
as die mean time at true moon, the semidiameters of the 
sun and moon, and the moon's parallax.* Thj^ time of the 
moon’s culminating, for any other place than those on the 
first meridian, may also be calculated in the same' hjarifter. 

17. In the calculations of Nautical Astronomy, it may be 
supposed tjmt stars have not any apparent motion, and 
that they always preserve the same position with respect to 
each other; or, that their respective distances remain the 
same. It will, therefore, not be necessary to h^ve spy re- 
gard to tjie small periodic changes, denominated nutation 
and aberration, which amount only to a few seconds* , But 
an attention to the annual variation of the stars in rigbl; as- 
cension and declination is indispensable. These last changes 
do not. arise from their proper motion, but man another 
cause, which shall be explained. < It should be recollected, 
that, in article 6, right ascension has been defined to be an 
axp of the equator comprised between the circle of dedication 


" JTor examples of these calculations, see the Appendix. Train. 
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ofywy star, and the point of the ecliptic, where it cuts the 
equator, and the sun commences his ’ ^volutioit. This 
point, Irliicb ^called the vernal equinoctial point, has a very 
s!<W retrograde motion, by which it is removed from east to 
west, or in a contrary direction to that in which right ascen- 
sion is estimated : this last Ought therefore to be progressive- 
ly ’absented by a certain quantity ; consequently, the an- 
nual Variation is always additiyae. The motion of the equi- 
noctial pwnt ^ppears to be made on the ecliptic ; but it really 
arises from demotion of the earth’s axis, by which the plane 
of the equator, which preserves nearly the same degree of 
inclination to that of the ecliptic, and has the same motion 
as the axis, is slightly displaced with respect to the stars ; 
and this always takes place in the same direction : the 
plane at' the equator, therefore, approaches certain stars 
while it removes from others. The declination of some of 
the stars ought, on this account, to increase, and their an- 
nual variation in declination to be additive ; while the an- 
nual varj|tion in the declination of those stars, to which the 
plane of the equator approaches, is subtractive. In cata- 
logues of stars, their right ascensions and declinations are 
generally given for an epoch but little distant from the time 
of their publication ; the annual variations are found in the 
column * which immediately follows that containing these 
quantities. These variations in right ascension are always 
aditive, as already stated, for any periods of tiiqe posterior 
to those in the catalogue, and subtractive lor this periods 
anterior to them. The annual variations in declinations, 
which are additive for the epochs posterior to those in the 
catalogues, are, preceded by tire sign -f-, and those which 
are subtractive* by the sign — . Whenever the declination 
of a star is calculated for any epoch anterior to that of the 
catalogue which is used, the annual variation must be em 
ployed with a contrary sign 
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18. When it is required to calculate the right " asceusiob 
of a star for any plriod posterior to that of the catalogue, * 
multiply the atlnual variation by thenumber oif yityjjp* 
the time for which the catalogue was calculatedf. . , ' " 

The proportional parts for the faiths and days may then 
be found in flie following manner : — Reduce tlie days .Jnto’ 
decimals of a mouth, by dividing them by thirty, and mul- 
tiply’tlie twelfth part of the annual variation by the number 
of months and decimal parts thus found. Thfe wJma of this 
product, and the right ascension, for the years, is the quan- 
tity to be added to the right ascension «f the eatalftgue, in 
order to obtain the right ascension corresponding fo the time 
proposed. 

The same method of operation must he used for landing 
the declination, with this difference, that the sum for the 
years and months must be added to the declination of the 
catalogue, when that declination is preceded L-yJ^e sigri -p, 
but subtracted when it is preceded by the sign — . 


Example. 


Required the right ascension and declination of Antares , 
for the 16th of April 1808. 

Right ascension, Jan. 1st 1805 - 244° 22'. 6* 

Declination, Jan. 1st 1805 - - 25 59 0 S. 

Annual Variation in right ascension - - 54 < '*6 

From thc'fst of Jan. 1805 to Jan. 1st 1808 3 years 

Product. Proportional parts for the years 2' 43*-8 
Annual variation - - 54"f> H 

Twelfth part - - 4"'5 

The 16th April - 3 -5 

18"-5 

. 2 jI 

proportional parts for the months i.5“'8 


* See Ta&j.* XVI, at the end of this voiupe. Trans , 
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. Proportional parts fof the years - - 2' 43"-8 

* 4 Proportional parts for the months ‘ \ - - IS -8 

Sum - 8 0“ 

Bight ascension of the catalogue - 244° 20 6 

Bight ascension required - 244° 25' 6” 

t Annual variation in declination - - + 8“-8 

Fi4*n Jan. 1st 1805 to Jan 1st 1808 - 3 years. 

Products Proportional parts for the years - + 26"-4 

Annualvaxiation - + 8^8 

Twelfth part - - + 0' -7 

The M»th of April - - 3 -5 

2 T 
0-4 

Proportional part for the months 2"-5 - +25 

Sum - 28' 9 

Declination of the catalogue - - 2 5° 59 ' 0 S. 

Declination required - - 25° 59'~29’' 87 
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Corrections which ought to be made in cM the-i0S&iroed AUi - 

< - ^ 

tudes of the Sun, Moon , /and Stars. 

K * , * J' . ■ h 

V > 

19. Observed altitudes should be subjected to several 
corrections before they are employed in calculations. They 
must first be corrected for the depression of the horizon, and 
by subtracting or adding the semi-diameter according as the 
upper or lower limb of the sun and moon has been observed ; 
then they must be corrected for the effects produced by re- 
fraction and parallax. The observed altitudes of jthe sun 
and moon, should almost always be subjected to these cor- 
rections. The stars having neither diameter nor parallax, 
their observed altitudes should only be corrected for the 
depression of the horizon, and the effect of refraction. The 
principal causes which render these corrections necessary shall 
be explained, and the methods of making them shown. 

On the Depression of the Horizon. 

• 20. The altitudes observed at sea are arcs of the ver- 
tical circles comprised between the heavenly bodies and 
the visual horizon. They would be the same as the true 
altitudes, abstracting the other quantities above mentioned, 
if the visual rays directed to the circle that terminates 
the visible part of the sea’s surface coincided with the 

c 2 
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horizontal plane ; then they would not require any Correc- 
tion, ' But these rays are inclined belpw the horizontal 
plane, and figjftn an angle with it, called the depression of 
dip horizon, whiph increases as the observer is more elevated 
aboiie the surface of th e%ae a.t. All observed altitudes are, 
therefore, too great, and tn^t^pression of the horizon mustf 
be subtracted from them. This depression is contained in 
Tablet, at the" end qf this, volume for different heights, 
from one. t6.100 Jeet.-,|fhe height of the observer’s eye 
above the surface of the sea is expressed in feet, and the 
corresponl&ng depression of the horizon is inserted in the 
adjoining column on the right hand, and the differences in 
the jsext column. When the height of the eye falls be- 
tween tsjro of die consecutive numbers in the first column, 
the depression for the proportional parts may be calculated 
in the following manner 

01 Example. 

Required the depression of the horizon, when the eye of 
the observer is elevated 15'7 feet above the surface of the 

sea. 

n 

Difference between 15 and 16 feet, in the 
• Table - - - - 7" 

Depression for 15 feet - ’’ - - - 3' 48' 

- Depression for the proportional parts, 0*7 feet, ju,.' - 5 

Depression for 1 5*7 feet - - - ’ S’ 53* 

21. The visual rays which meet the horizon qf the sea 
are tangents drawn from the eye of the observer to the 
surface of the earth; but, the points of contact of these 
tangents are more distant, as the eye is more elevated : the 
visual horizon will, therefore, be as much more distant from 

^ * iop the proof of this, and the method of calculating the quantity of the 
depressions see the introduction to IWe L of this volume. Trans* 
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the observer, < SB his height is greater. If an observation he 
made from the mcxtt elevated part of die das* 
large ship, its distance would lx; between five all 
nearly two marine leagues, Thus, in nartg^dng 
land, it may happen that the*sh|prts nearer the vessel 
the circle witich terminates tl^ horizon might tb be; 
this is what manners express, when they say the horizon 
bounded by the land. Then the visual rays tlidf meet the 
shore are more inclined below the horizontal ptadtfran those 
by which the horizon would have been perceived*, die de- 
pressions of. Table I, are then too small, and omy a part 
of the corrections can be* applied to the altitudes; ^he 
fourth column contains the distances corresponding ffc the 
•different Heights. When the estimated distance from the 
shore is either greater than or equal to the distance in 
the Table, which answers to the height of the eye, the de- 
pression which is found in the same Table may be employ- 
ed for correcting the altitude. It is essential to remark, that 
an error of a mile, committed in estimating the' distance of the 
shore, ought not generally to occasion an error* in the alti- 
tude of more than a quarter of a minute, and never mote 
than a minute. When the depression of the horizon is 
affected by an error of tlqs kind, the corrected altitude will 
always bp tor) great, If the distance taken from die Table 
exoced dn^thnated distance between die observer and did 
shore by #|ore dian a " mile, it will be a proof that the 
horizon ia bounded My the land : then the depression of 
Table I, cannot be employed for correcting die altitude. It 
would be useful to ascertain this some time before the obser- 
vation is to be made, in order to preserve a convenient 
distance from the shore. In general, when the’ elevation of 
the eye does not much exceed 2(1 feet, there is- not any fear 
of committing an error of more than a minute, at least at^ 
league or three miles from the land. 
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’ 22^ Several much esteemed works oh navigation contain 
methods of ascertaining directly from observation, the incli- 
nation of the visual ray that meets the* shore by which' the 
horizon is bounded. The directions there given are to 
observe, at the same instant, the altitudes of the sun, from 
two places situated exactly in the same vertical line, but 
of very different elevations. But the methods of calculating 
the corrections are either long and troublesome, or only 
approximations, by which sufficient accuracy is not 
obtained. It would, not be difficult, however, to give great 
precision to the approximating methods, by means of a small 
table which would not add much to the length of the calcu- 
lations; nevertheless it has been suppressed, because the 
methods that are here given for avoiding the errors in the 
depression of the horizon, arc not only sufficiently accurate, 
but much more convenient in practice. When altitudes are 
to be obtained with all the accuracy of which these observa- 
tions are susceptible, it will always be best to remove from 
the land, and to preserve the distance indicated in the first 
Table. 

23. The depressions in this Table have been calculated 
from the dimensions of the terrestrial globe *, concluded from 
the new measure of an arc of the meridian, taken for the 
purpose of fixing the length of the metre. To correct 
them for the effects of refraction, which generally increases 
the apparent elevations of objects, they have been diminished 
by ^ths, a quantity or co-efficient which Delainbre has 
found by numerous observations, and which has since been 


* The mean, radius of the* earth, or that of 45°, considering it as an illipsoid, 
employed in theae calculations, is therefore equal to 3,266,6 11 toises, 6,366,745 
metres, 6,964,837 English yards, or 3957*5 miles nearly ; the French metro 
JHbng ctynal to X'09 394 Eng. yards, Trans. 
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confirmed by M M. Biot and Arago, by observation made 
in Spain, for extending the measure of the meridian. * 

24. The variations which common refractions cause in the 
depressions of the Ijprizon, are so small, that they may be., 
neglected in the practice of navigation. We shall, therefor^ 
content ourselves with me^iooing} jn this plaice^ some extra- 
ordinary phenomena which M. Biot has proved by the most, 
delicate observations, and of which he has giveh the first 
satisfactory explanation, by subjecting them to the most 
rigorous calculations of analysis. The limits within which 
it is necessary to comprise this treatise, do not permit us to 

follow his learned researches; ,we shall, therefore, only 

* 

extract the most useful results. Their importance cannot 
tail of being felt by mariners, to whom they will afford new 
means of perfecting their art. „ 

The great errors which refraction may occasion in the de- 
pression of the horizon, arise from the difference which almost 
always subsists between the temperature of the water at the 
surface of the sea, and that of the air at several yards above 
it. Experience has shown, that the region where these 
errors are the most sensible, is from the surface of the water 
to 10 or 11 yards in height. Therefore the visual rays 
from the eye of an observer on the deck of a vessel, by which 
the altitudes of the heavenly bodies are referred ,to the 
horizon, always traverse this region ; and it is important to 
know the circumstances under which the greatest errors take 
place, in order to guard against those by which the obser- 
vations ought then to be affected. These errors are subject 
to frequent variations, occasioned by the changes which the 
rays of the sun suddenly effect in the temperature of the 
atmosphere, either when lie emerges from behind a cloud, 
or becomes hidden by one. It is probable that we shall 
never obtain an exact knowledge of their value ; or at 
very minute attentions would lie Requisite to obtain it ; 
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if it wereknown, it might not be of, great use^n Nautili 
Arijpiwmiy ; wnshall tiierefore'^ satisfieai witb givin£an 
ppprariipatj^ errof8, jjtnd showing in «ihat 

manner they Aag fat to affect the altitudes: attention shall 
also be .paid triple such indications are easy to be 

Hwqxreltended, and may be undt||teod by al^ . ' 

So.-' The causes whichgive rn®%? die variations in the 
extraordinary refractions, of the visual horizon are' the same 
that produce those phenomena which the French mariners 
. call -Mirage, and the "English, Xooming; ,lhus, whenever 
the phenomena of l6omi»g are manifest, the depression of 
the horizon will be -whey uncertain during * their whole 
continuance. s ; 

The direction in which the errors in tire depression of the 
horizon, and consequently, those of the observed altitudes, 
take place, depend upon the 'temperature of the sea being 
greater or less than that of the incumbent atmosphere. 

1st. If the sea be wanner than the air, the altitude cor- 
rected by the depression taken in the Table will be too 
great 

Jbld. If" the sea be colder than the air, the corrected alti- 
frae will be too little. * 

3rd. When the temperature of^ie sea is from 7° to 10° 
of Fahrenheit’s thermometer, different from that of .the air 
at the height of one oi tw o yards above die taMphee, die 
error in the altitudes may be from S' to 4'; * difference 
of from 4° to 6° of temperature may occasion an error of 
1' or S'. - 

4th.. The water of the sea is heated much more slowly by 

t e presence of the sun dian the atmosphere, it will diere- 
re be colder than the air for some time after the rising of 
tjhat luminary ; then the altitudes corrected by the depres- 
« sums in thfe- Table will be too little, : mul will continue to be 
HUfifcll other things remaining the stupe, until the heat of the 



CHAP. II. OBSERVED A|*JTWDDES. ** & 


day augmented. In die evening, ^be, .«on- 

tnity tidies place ; the altitudes corrected for <fepra|»km 
will, begin to be tSo great as the heafcitf tha-iifry dapinisliefr 
and their errors ^y j^p tmtiaiae to increase the sasB^hKHB 
set. The depresdflp. in-th$ Table arewttpoted for the 
effects of coupon refa^j^ldffiis. whenever extra«rd«^|^ 
refractions -depress die mpcob, instead of elevating it, the 
altitudes will be too - great ; and this is the reason why they 
should be a little more at night than, in the morning. 

Those accidental and extraordiinii^ refrnbtioiis may serve 
to explain, why certa^ Jptitudes fbserv^d at sea by navi- 
gators, efcjually careful and experienced, sometimes differ 
several minutes from each other, while in general, their 
observations are found to agree. . if 


On the Semi-diameters of the Sun and Mom. 


26. The altitudes of the upper of lower limbs of die sun 
and moon only can be obtained immediately from observa- 
tion ; the semi-diameters of these bodies must therefore be 
added to, or subtracted from these observed altitude&^n 
order to obtain those of tlieir centres. These semi-diamep^s 
are not the same at ab^dines . of die year or month, but it 
will be^easy to calculafo them, from the Nautical Almanac 
or thesSImmaijsmnce des Terns , for any proposed instant. 

27. When the lower limb of the sun or moon has been 

observed, the semi-diameter must be* added to the observed 
altitude ; but if die upper limb, it must, on the contrary, 
be subtracted.\, • ■. 

When the supplement ef die sun's altitude is observed 
by bringing that 'edge of his image into contact, with the 
horizon, which appears to be nearest it, but which is effec- 
tively die most distant, the semi-diameter must lie subtracted 
from the supplement of the altitude which has been 
observed. 
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Several examples of these operations will be subsequently 
given, Which are so ample, that it has been bought proper 
to disj tense with them here. 

28. The setqwbameter of the moon .^p^ars to be increased 
by a -small quantify as she becomes more-elevated. There will 
be found in Table II, entitled, ’M^mentatiori^f the Mom's 
Semi-diameter , the quantity that must be added to the true 
• or horizontal semi-diameter, in order to obtain that which 
agrees with the observed altitude.. Thus, when the apparent 
altitude of the moon’s centre is to be calculated, the semi- 
diameter corrected for this augmentation, or the apparent 
semi-diameter, is to be employed. 

Astronomical Refraction. 

29. Astronomical refraction' is the quantity by wliich t la- 
heavenly bodies, after their luminous rays have traversed 
the atmosphere, appear to be more elevated than they really 
are. It ought always to be subtracted from the observed 
altitudes. The greatest refraction takes place when the 
bodies are in the horizon ; it diminishes as their altitudes 
increase; and becomes nothing when they have arrived at the 
zenith. 

30. Refraction is not always the same at the saiqe alti- 
tudes ; it varies on account of the greater or less density of 
the atmosphere. - In general, the more dense the atmosphere 
is, the greater is the astronomical refraction ; it also dimi- 
nishes as the density of the air decreases. Cold has the 
property of condensing the air, and heat of ratifying it ; the 
^nsity of the air is, therefore, increased by cold, and dimi- 
nished by licat. It. follows from this, that the variation 
in the height of the mercury in the thermometer may he 
employed in calculating the corresponding changes which the 
astronomical refractions ought to experience.. The atmo* 



CHAP, II- OBSERVED ALTITUDES. 27 

sphere is affco more dense when its weight is grater, or 'when 
it sustains a longer column of mercury in the barometer ; 
and a less elevation of that column indicates a diminution in 
the density of the ataeposphere. The changtojpof atmosphe- 
rical refraction depend, therefore, upon ime* height of thf 
mercury in ffife baromet^^lThese refractions will be greater 
as the column of mercury Is more elevated, and less as the 
height of the column is diminished. 

31. The numbers in the third column qf Table V, inti- 

tuled, Refraction of the *, or of.the‘ stars, are the refractions 
of all the heavenly bodies; but, for reasons that shall be 
explained, they are to be used only in correcting die alti- 
tudes of the stars. These refractions have been extracted 
from the Tables published by the French Board of Longi- 
tude, and reduced to those that take place when the mer- 
cury, in the centigrade thermometer, stands at 14° above 
zero, or, in Fahrenheit’s thermometer, at 57 u *2 ; and the 
height of the mercury in die barometer is -76 of a metre, or 
29*92 English inches. * > 

The numbers in the second column, entitled, Refraction 
lest PdraUax of © , or of the sun, are those of the third 
column, from which the parallax of the sun, agreeing with 'the 
altitudes opposite the corresponding numbers, has been 
subtract'd. They are only to be used for correcting the 
altitudftfbf the sun; with respect to die altitudes of the 
moon the numbers in Table VIII, which are die refrac- 
tions of die moon diminished by her parallax, should be 
employed. When the calculations do not require a very 
great degree of precision, the numbers in Tables V, and 
VIII, may be used without any regal’d to the variations 
experienced by the refractions in consequence of the changes 
in either the temperature or weight of the atmosphere. 

32. But when it is required to correct the apparent dis- 
tance between the moon and the sun or a‘ star, the cor- 



as COafcBCTlOKS OF CHAP. II. 

* 

Tedious to thgtjgrights of.the merltiry in, die 

barometer and tine thermometer mustybe applied- to the num- 
befs of the, Tables V, and VIII. These corrections are to be 
found in Table*. VI, and VII, the useef which shall be 
shown by an«xaj$tple. ' 


V 1 W 


th > 


The apparent altitude of the sun's centre being IT* 45', 
Fahrenheit's f thermmo o ter 8S°’4s, and the barometer 29-53 
indies nearly, mpm-eef? the refraction diminished by the 
parallax. . s - . ' 1 . 

In the second column of Tablljjw, we find, at 7" 40' of 
altitude, that the refraction diminished by the parallax is 
6' 35*. The column of Differences , which is common to the 
refractions of die stars and those of the sun, shews that the 
refraction diminishes 8’ for all increase of 10' in altitude ; 
for 5', it will therefore decrease 4 “ ; and die calculation 
is to be performed in the following manner : — 


Apparent altitude © 7 n , 4(K, refraction - - 6' 35" 
Proportional parts for - 5’, subtract, - - - - - 4 - 
Apparent altitude © 7° 45', refraction - - - V til" 
Thermometer - - . 82 •4 i 


Apparent altitude © .*,45' f ’M* VI ’ &Utraci 21 

'• * iff 

5 

Corrected Reekaution --------<>'5' 


Barometer 29 53 - - - - 1 t>|# 

Apparent altitude © 7° 45' J Subtr $ 


Parallax. 

33. The positions of all die heavenly bodies is given in 
the Nautkal Almanac, or Connaissanee des Terns, rela- 
tively to on observer supposed to be situated at the centre ' 
of the earth ; this is, therefore, die point to which all fe 
lines emplpyed in measuring angular distances should bp 
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referred** '"Tbe al^tujje of «^Jaeavenly bcK^|ipiKS«n^ at 
the surface of {he gft)b& ( eanonly be equal to' that* which 
would have been observed at the centre, r when4lte heaveiiiy 

ofobservatiomor the radius ©f the earth > 'f|^| s be regarded 
as (|nnparafll^y nothing yr^i respect to theidi^tance of dial 
body. In fact, the line supposed tq. be drawn from that 
point of theearth’s suMace, where the observation is made 


to the heavenly body, would then by jaarafiel to* that sup- 
posed to be drawn from the centre :a£ Hie earth to the same 
body ; or, at least, the qfBgle which thesh lines would form 
would be so small, that wluight be considered as nothing. 
This is what takes {dace in observations of the stars, ' the 
distances of which from the earth yjc very great ; their posi- 
tions as determined by an observer placed at the surface of 
the globe, are the same as wodld have been observed at' the 
centre of the same sphere : consequently, die stars have not 
any parallax. But when the altitudes of the moon, which 
is the nearest of all the heavenly bodies, are observed, the 
line supposed to be drawn from the point of the earth’s surface 
where the observation is made, to the moon, will make an 
angle with that supposed to be drawn from the centre of die 
earth to die same heave®^y body ; then the altitude observed 
at tlie surface will hot be equal to that which would have 
been mtauFed at the centre. The difference of these two 
altitude^ %' what is called Parallax' of Altitude. 

It ought to be remarked, that the vertical fine is the pro- 
longation of the radius of the earth, considered as spherical, 
through the point where the observation is made; conse- 
quently, whenever the moon is in the zenith, the two fines 
supposed to be drawn to her, die one from the centre, the 
other from -.the point of observation, will form only one: 
dicta the parallax is nothing. When the moon begins to 
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,• depart fron^his vertical line^her altitude decreases, and die 
two Ikies form an angle between which increases in 

proportion as the altitude diminishes. Finally, when the 
moon has arrived at the horizon, the line supposed to be 
drawn from |be eye of the observer to that body if perpendi- 
cular to die radius of the earth, which joins tile centr^nd 
theplace of observation; and the parallax oi|jght therefore 
to have its greatest value : henfce tliis value ©trends upon 
the apparent altitude. Since the place of observation, and 
the centre of the earth, are always in the same vertical line, 
it is evident that the observer is always situated at a greater 
elevation than the centre ; hence the height of the moon will 
appear to him to be too little : the parallax ought, therefore, 
to be added to the observed altitudes. 

The greatest parallax takes place when the altitude is 
equhl tu nothing, and is called the Horizontal Parallax; 
it is that which is given in Astronomical Tables, and in 
the Nautical Almanac, or Connaissance des Terns. Its 
value varies rapidly ; it frequently increases to 60' and some 
seconds ; then it diminishes to less than 54'. It is usually 
calculated for every hours. That which corresponds to 
any proposed instant may be found by rules analogous to 
those which have been given for obtaining die different 
elements relative to the positions of the heavenly bodies. 

34. When die sun js above the horizon, hia dttffiax of 
altitude varies according to the same laws asil|jp| of the 
moon; but his horizontal parallax is much less, and ‘expe- 
riences only very small changes. It is never more dian 
8''95, nor less than 8” -65. It is dierefore supposed to be 
constantly equal to 8" - 8 ; and the value which it ought to 
have at different altitudes have been subtracted from the 
corresponding refractions at. diose altitudes ; by which means, 
the numbers ,,in the second column of Table V, entided. 
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Refraction dmim$#d. by Parallax of <jj| have beat , 
obtained. They correction of the ettn’s altitude, 

for refraction and para$ax at opce. ' ^ 

35. It is evident, from what has bee^pwid-, above^ that 
the moon’s parallax ought to be greater, ai^ the place of 
observation Is . more distant from the centre If the earth ; 
an$ that it .should be the same at all places equally distant 
from this <$sftrc. If the earth were spherical, the horizontal 
parallax would be the same in all places ; but m its form is 
that of a spheroid slightly compressed at the poles, the 
equatorial radii are the greatest, and its radii decrease suc- 
cessively in approacliing’ - the poles: the parallax ought, 
therefore, to diminish at the same lime, in a very Small 
degree. When the parallax is i.iken from the Connaissancc 
dcs Terns, it is that which takes place at the equator; and, to 
obtain thaf which corresponds to the lath ude of the place of 
observation, it must lie subjected to a slight correction. 
Before calculating the parallax of altitude, wg should search 
in Table III, onti'Nl, Diminution of the Equatorial Pa- 
rallax , for (lie quantity which is to be subtracted from the 
parallax given in the Ephemeris. 

36. The numbers in Table V 1 11^ are the parallaxes ofthe 
moon diminished by refraction, fife every 10' of altitude, 
and for every minute of the horizOntaiparallax. The propor- 
tional n^ss^fbr the seconds of the parallax are found in the 
continyaptiea of the table. When the altitude of the moon 
is belbw- 10 , the proportional parts for the minutes of alti- 
tude must be calculated by means of the difference of tlw 
numbers corresponding to the two heights, between which 
the-observed altitude is found. Above 10“, the proportional 
parts are immediately found, in the last column of the 
table. 

37. When the apparent, distance of the moon from the 
sun or a star is to be corrected, die numbers in Table VIII, 
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w must be increased or dimini&li®3, by t hpaa lue of the mate- 
lions which ought to be made ix^^efractions on account 
of the temperature and weight atmosphere. It is 

' essential td rqmarlv, that in this case* thenumbers ought to 
be empte^Us a contrary sense to thtd fkmoted at the head 
«f the TnbW tl*and VII ; ih fact, the ruu^rs of AUc 
VIU, being the parallax of the moon diminaMl by remic- 
tion, greater the refraction ia, the more tflB*»umber j0 
the tabic is to be diminished : an increase of refraction there- 
fore diminishes them ; Stnd, for the Same reason, a decrease 
of refraction increases them. 

t 

Example. 

^ On tlie 23d of April 1810, at 21' past 1 in the morning, 
civil time, or the 21st, at IS 1 ' 21 'astronomical time, being 
at 43° 36' of north latitude, and 31 7' of east longitude, the 
altitude of the moon’s centre, corrected for the depression of 
the horizon, W|s 23 44'. Required its true altitude. 

The hour at the first meridian corresponding to the pro- 
posed hour is the 21st at 11 11 1 7' 

Horizontal parall. at the equator f y *^ st a * noon 

, l 21 st at midniglrt 59 29 

Change in 12 hours? - - - - - 8' 


12 h 

\jr 

Ford? 

n i 

Spurs - 

«p **• » ■» 

4" 

6 

r 

3 

t' 

f 1 

l I 

2 

3 

2 

1 

- 

0-6 

1 

06 

! 

1 

0 

11“ 

17' - 

T? - 

— 

0-6* 

02 

"r-4 


Horizontal parall. at the equator, 21st at noon 59' 21" 
Proportional parts for ll h 17' - 7 

* Sum 59' 28“ 

Diminution of the equatorial parallax - - 6 

I lorizontal parallax for the latitude - - 59' 22' 
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'orrectiM of the Lets of Two At 
Meridian, for obtain^g 

88. The method giveein this Treatise fhrscd^Mng the 
latitude from two altitudes of the min, taken put of the me- 
ridian, and the interval d? time elapsed between the obser- 
vations, requires these enervations to be made at the same 
place ; hut, as it almost always happens, that the altitudes 
are taken in two different places, it becomes necessary to 
correct one of these data of the calculations, in order to 
obtain that which would have been found if hath the observa- 
tions had been made at the same point of the globe. These 
corrections depend upon the direction? and length of the 
ship’s course during the interval between the observations. 
The difference of latitude and lor^^p answering the 
length end direction of the cou p|^j muel! first be fbdiftf'by 
the kntpvn means, which wdopnibe same time, be the 
different of latitude and lohgmude of the two places of 
observaSa. It will be easy to have respect to the differ- 
ence of longitude, as will be subsequently shown. It is 
only inquired in this place to take into the account the way 
made in latitude, in order to correct the less of the two 
observed altitudes. 

The calculation should give the latitude of the place whom 
the greater altitude was observed; and the leal altitude ’is 
always to be confected. Tables XI I and XI It, afford tin 
easy method of finding this correction ; which appears to he 
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by rae»H|^^Lbj^s''XII and XIII, p 

^S^wWSilipieir of the diiapence of latitude k 
second part consists in the manher of empfoyisgfjfius 
pbcrin obtaining the correction of the less altitude. ■ The. 
rules ' which shouhj'fbe followed shall first be exphimed;i«id 
then several exaHHs^'fi# facilitating their application given. 

-40.* Search, «gi one of . the left-hand pages of Table XII, 
with die latitude* ^whkjl is insefti&:»t the h$pd of fach 
oihftnn, and the less altitude, which is contained in the first 
condom of thh table, a number wh^ys the, first term, and 
write it down -separately j' then* 4^ the same data, look m 
the right-hand page #f the same table foe the argument, 
which write opposite the first term, * : «- 

With the argument thus found and the declination of the 
sun! according as it is of the same or a different denomina- 
tion with- the latitude, search, in Table XIII, for tile second 
teno, and write it below the first. 

S||$gact the first ^orn from the second, increased by two 
uni#1f necessary! and die remainder will be the multiplier 

ThitPwX^holds good in "aft cases, except tha$^ ; which 
die latitude and de»’Un'atioft arc of the same de^ll^ton, 
and the declination greater than the Jatitude. T%^n die 
second terra.^ n#^; be subtracted frbi# me firk, and the 
req ired multiplitrwUl b&jjfcamcd. It most be observed, 
that in this circumstance onfpt the sun passes die meridian 
between the observers aemth and tlie elevated polei: and 
tfieh the second term* is alw&ys less than the fen t 
41,. The less ahittide will be. corrected ^attending to the 
fetlmfria^ules. , . , . 4 


CH#£. Jl. 


OBS*EViB||, Al*Tf VVQM 



place of the 
addthe diffecespt, 
subtract the ■ # 

w 


^altitude -than lb? Je»f», extract 

of.latitude,''fi»m the less,; cjwfnrjed %4juk ; 

V ^ fame 4?- 

^■>%i,fpeans:^ f 



the 

and then ifj^ffto the re 
feipace of liditude and the multij 
Tables Xil and XIli 
Thereafter die ,< 
niQSt.be observed, that 
ti|de and the calcnlai 
ployed in a cqutrary 


product of ipe difference- 
^udtiplie^ should Always..^ 
to the different: of latitude itself; 
that is, .the product must always subtracted when the 
difference of latitude has been added; on the contrary, the 
product must be added when the less altitude has . been 
diminished by the difference of latitude; 




Example i. 4 

Being in estimated north latitude J$3° 19', the algt 
the sun was observed to be 81° 1i& Lottie hours i 
the altitude of the sun was teke&:*again, end found.' to be 
,73° 3 ffr Mf ,In the interval of thesjg ifjfoggrYationa. had 
saileaJ^W, leagues, or STS nules to die S.W. 1 S. 5° S. 
Thedeclination ofthe sun at the instant of the first obser- 
vation was 20° ; 41'tf||. It was required^ t|> determine. w r hat 
would have been the least o^bp altituAaa/if it lip4 been 
madein .the same place as tli^teatcr, • ’ ■[' 

The kupwp method of reducing the course, slunys tjbat 
the difference of longitude of the two .pieces of observation 
If. ntidthe. difference of* latitude 27':6, 'if which 
place of the greatest altitude is more to the south than that 
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Vtito less. AsStweniy- «f foe way 

made in fefitudfegtirtdaStt^^ ojaly will 4*i employed. 
4fcb the &it ptee, foeremust be Bought in foe page, of 
^abk s XIi^ J «ijfch iB ejtWfosd, foe number «*- 


Argument, which is on the right of the preceding one, it 
will be seen that the argument corresponding to the same 
latitude and altitude, is T$0, and this is to be written op- 
posite the former number- This aigument and the declin- 
ation, which isofthe same denomination as the latitude, 
«§Jii to find, in ’fable XIII, jth^$econd tern, u^i^fe 
O'W^iaA 'wfcldhf is to be , (riit^. 1 6^i r, fhe first As fob 
latitude of the place is of th^ iame denomination, and 
greater dun the declination of the sun, the first term 1*83, 
Is to be subtracted from the second ■frSO, increased by two 
units, br 250 ; the remainder, I’ll, is the required multi- 
plier. The product arising front the difference of latitude 
of the two places of observation multiplied by 1 11, is 
30-7. 

Itfoould be observed, that the latitude being N. as well 
as the, declination, but the former greater than the latter, 
the sun jesses the meridiaflto the south of the |bseryer. 
Since the place of the greater altitude is soufo of-th&of die 
less, the meridian altitude Of the former ought to befeater; 
the way made in latitude, which is 27'6, must therefore be 
added to the le^ aldtude of the sun, St" lH^'and we shall 
have .ST 39 - 6, from winch foere must be subtracted,, ac- 
cording to die preceding rules, 30 ,; 7, or the product of fo* 
difference of latitude, by the. number which hats been found 
by foe assistance of Tables Xll and XIII ; foe less ultitufo? 
reduced to foe place of the greater will then. be ST$ ,, 9, or, 


responding Id °f latitude, and to 4T 12' oi^&une. 



ih the following esdedatian. Then, in entitled, 
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wrap, n, 

neglecting the socpndsi ahove 5T^«|f 8' 4K>* The ope- 
rations may be amused in the following wtpq«r;»--> 

vtagum 7>4Q> | 3d *»» - 84-0.53. Diffe*.oflak 87 5 
2nd term — iBt term. Til MudtMie 1 *11 

* w* 


The sun passes the njeiidian to the south of die 
and its meridian aktehie ought to be greater 'w die 
the greatest altitude fljstap that of the less. 



Ia#$ altitude of the © - - - - 81° Iff 

Add the difference of latitude - 27 -6 

Sum * - sr 

Subtract the product - - - - 80-7 

Less altitude reduced to the place of the greater 81“ 8'-9 

or - 81*8' 50' 


♦ . 

As the detail of the operations ffofc finding the cor- 
rected altitude, given in the preceding example, will he 
sufficient to show the manner to be followed i»,.nk other 
oases, fbfe greater part of this detail is suppressed in the two 
Mowing examples :— 


Exampi e n. , 

Being in 48° 10' oi’ N. latitude, the less altitude of the 
sun waa observed to he 12” 26' ; some hours afterwards, the 
greater altitude was found to he 28° 15'. The vessel had 
sailed 11$ leagues, or 84 miles to the N.E. and tire dedin* 
ation of the sun -was 4° 82' S \ 
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, * ' 

IThe place of thegreater altitude was therefore 484' north 
of that of the less. ^ m 

Aft.' of the^Q. 12 5 26’ v, •. • ' 

Lat. North \ 46° JO' } term Ar ^ um ‘ 153 ‘ 

- ***'*:# J ' Diff of lat. 

Dedin. S. - 4° 32 '| 

1 53 l 


*■ 


Argument 


2d term 189. Multiplier 064 


2nd term — 1st term, Multiplier 0 64 


14' -4 

JL 9 

Product - 15'-3 


Tlie sun passes the meridian to the sputhf ofjthe Observer, 
P meridian altitude, at the place of the greater altitud^ 


t . to be 


that at the place' of the less. < 

Less altitude of the sun - - ■ * - - 12 s 26' 

Subtract the difference of latitude - - - 24 


Difference r 12 J 2' 

Add the product - - 15 -3 

‘Less alt. reduced to the place of tlie greater 12? 17' '3 

or, by taking the nearest tens of seconds 12° 17' 20” 


, , -Example iti< * * 

Being in S. latitude 8° 42', the gre ater altitude of the 
sun was? found to be 70 3V, After his passage over the 
meridian, the less altitude was observed to Be 50* 2&, The 
vessel had sailed 4| leagues, or 13| miles to N. N. W, 
in the interval j^ween tlie observations. ^J|be declination 
of the sun S. ; consequently, of the same 

denomination wim the latitude, but greater,. 

The place ^We the greatest altitude $4s observed was 

12'-5 to the south of that where the less was taken, 

. > * 



( UAP II 

Alt of the 0. 
Lat. South " 
Declm S. 
Argument 


OBSERVED AI/TItUDES. « 80 

5° 92' i 

2 ^ > 1st tern’ 1*06. Argum. 1*57. 

j-2nd term 0-fQ.Dtff.of^f 1»'£ 
1st term — 2nd term, 0 46. J&ukipBer 0*46 


22 30 
1*57 


5*0 

0*8 

Product » 5' 8 


The sun crosses the southern part of the meridian ; the 
meridian altitude at the place of the greater altitude 
should therefore be ^eater than at the place of the less. 
Hence, the 

Less altitude of the sun - - , - 5° 

Add die cliff* of latitude - - » 12 -5 


Sum - 50’ 84'*5 


Subtract the product - - 5 *8 

l.i '.s-ai t reduced to the place of the greater 50° 28'*7 
or, by taking the nearest tens of seconds 50’ 28' 40" 



i 4* ) 


CHAPTER III. 

On the Latitude. 

43. The latitude may lie found at sea by three different 
kinds of observations. The most common ant) the most 
simple, is an observation of the meridian altitude; the 
second consists -in observing several altitudes near the meri- 
dian, and concluding the meridian altitude front them ; this 
is that by which the greatest degree of accuracy is obtained, 
but, as the calculation is rather long and requires a know- 
ledge of the time corresponding to each observation, it is 
only necessary to employ it in ascertaining the latitudes of 
places, the exact positions of which are essential to be known. 
Lastly, the latitude may be obtained from the observation of 
two altitudes taken out of the mcrid&n and the interval 
of time elapsed between them. Though this laM method 
may not be susceptible of giving the latitude with as much 
precision As the others, it is of great use in the practice 
of navigation, when the sun is dbsctired at noon and it is 
impossible to observe his meridian altitude,. ^ The rules 
proper for each of these methods shall be given, 

fr * 4 * 1 

1 *, 

To find the LqtUudc by the Meridian Altitude of any of 
the heavenly Bodies. 

* v 

43. The latitude may he calculated, as explained in arti- 
cle 5 t by adding the meridional zenith distance of a heft- 
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venly body^ of which the altitude has been observed, to its 
declination ; qr else by subtracting these quantities from 
each other, ®h the following rules, the altitude itself, whidh 
is obtained directly by observation, is tu be employed. The 
operations resulting from them differ from" those in common 
use ; but the following explanations will make their applica- 
tioh more easy. ' 

44. When we are at the terrestrial equator the latitude is 
nothing; then the celestial equator jiassOs through the senitli, 
and the two polefe are in the horizon. If we advance along 
the meridian intbeilher hemisphere^ihe pole of that hemis- 
phere will appear to rise above the. horizon by an arc equalto 
the latitude passed through ; and the latitude is eq'ualV^s 
the altitude of this pole . . The pole of the otfeep: hemisphere^ 
on the contrary, descends on the opposite side below the hori- 
zon, and the celestial equator is on that side depressed the same 
number of degrees. Tire celestial equator is therefore towards 
the depressed pole, and its inclination to the horizon is equal 
to tlie complement of the latitude. From this last principle, 
the following rules for calculating the latitude directly by 
means of the meridian, jiltitude are obtained. It is easy to 
perceive, tbqt die ia^p|tion of the equator to the hffizon 
is measured Tby an ait of the meridian comprised between 
these two circles ; this arc is called the altitude of tlie equator; 
but it should be understood, that it is effectively the 'altitude 
of that point only of the celestial equator which is cut by 
tlie meridian.,.,, 

45. First, cafcnlate the time at tlie fi^feqveridian cosre- 
•ponding to the instant at which the qh|jj|lK$d body passes 
the mericliaii,' -alt^iook in the Nautical Ailpqac for its de- 
clination at that time ihen. correct the observed altitude for 
the depression of the horizon arid refraction ; if tlie altitude 
of the sun or moon have been taken, regard must be had 
to eemi-diameter end parallax ; which last quantity will be 
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obtained at the same time as the taking, if 

required for the sun,' the numbers from ti^J^oond column 
of Table V ; if; for the moon, the nujnhei^nust be taken 
from Table VIII. WJieq the true Altitude anddeclu^ y n 
areobtamed, thelatitude may be calculated. {Pf 

1st. Remark towards what pole the heavenly body-p^is, 
.when the meridian altitude was taken ; that is, on what side 
of you it paSgpd the mdtidian. < y . 

Slid. If the declinati«|^is a different denomination from 
that of the pole towaie^ "which t%f.«l^t|ibie was observed, 
subtract the declination from t|l e true idfrllld&.tba' remain- 
der will be the altitude of the equ^pr, thgi^^toent of 
which is eqi^te the latitude. The heavenly fc§y, in this 
case, has paSsdthe meridian towards the depressed pole, 
and the latitude will have a denominatiod'dii^^' fronj that 
,of tlie pole tafftfeds which the altitude of the body was 
observed: this rule is without e^ce^ih, , 

3rd. If th^declin^tion lie of the same denomination as 
the pole^towards which the meridiaq, altitude of the heavenly 
, body was observed, the declination must be added to the 
true altitude ; the sum w*jl be the altitude of the equator. 
When, this sum is less than 90 , theisun has bJjjn obser&d' 
towards the depressed pole, asrin the jirecedit^pease ; and 
its ct implement will he the require! latitude^ the denojnina- 
tion of which . is different fromthpt 'of th^ Mp i^sed pole. 

When the sum of the declination and 'Ifne true .altitude, 
or the, altitude of the equator, is greater thanjHf , it * s • proof 
that the celestial, equator was behind die dbsen-er, or on the 
contrary side of 4is zenith, a$ the time the^h«|tade W#|Jqb- 
served ; thipi the body has passed the mhd^mb'tbw'ards the 
elpvated pole. Subtract 9Q^fe|n fife 1 ’ |pm of the declina- 
tion and the true altitude, t^®mainder will be the latitude ; 
the denomination of which ought to be the lame as that of 
the pole|pwards which the meridian altitude was observed. 
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> * **' > * » 

^plxfpta t.—~j!kibtHk of the Sm . 

Oil the flgtffofr&irtfl 1810, bang in 31 s 10' of west longi- 

t<ii% th^ sttn passed the meridian towards the stiuth ; the 

meridian" dititude of his lower limb was observed to be 

51' 2$' ; thfe elevation of the eye above the surface of the 

sea was 8f yards, Or 26-J- feet ; required die latitude of the 

place of observation. J < % 

By the rules in art. 9, the hfiflSpat the first meridian at 


the time of the ^observation, is foun|l to be 2 b 5'; this 4pne 
is there##® Mie 2&th at 2 tj 5' ; by^following tbq directions 
given if» the declination of the sun will be found to 


be 14 L 2lfS7* N. ' 

Observed gfyit, of the lower limb of die <3 . 
Elevation'ol' tlie eye 26^ feet Depression 
, Remainder 
Semi-diameter of the Sun * 

Sum 

Refraction— Parallax of the © 

True altit. of the ©. towards the S. 
Declination of the Q. towards die X» 
Altitude ^tdie cqW&0$*--Difftrertce 
CompU ftftWf*. Latitude N. - 




51° 25' 0" 

5 1 




or 

19' 

69" 

+ 

15 

54 

6l“ 

35' 

58" 

. 

- 0 

40 

5t 

35'' 

18" 

14 

21 

57 

«r 

'id' 

16" 


52 46' 44' 


\ t 
i 


IhtAyrtE u,~+*AItitude of the Moon. 

On the 26th of March 1810, being in 13 7' west longi- 
tude, and of north latitude, the moon passed the 

me ridia n towards the south at 4’ 1 20' itrth® morning, or the 
26th at the meridiab altitude f '% her upper limb 

was 16 19';, and tbo elevation of the eye 23 4et aboi e the 
level of the se'a. Required jjfre latitude. 

The time of the moon’s passage over the meridian was, 
at the first meridian, l£) h 12' ; when she had IT 43' of 
south declination. , 
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Altitude of the upper limb of the I . - 

Elevation of the eye 28 feet - - '* (j ,» 

Remainder ' * 
i horiz. diam. 16' 5“ \ <. 

A 0 gm W U,tio B + 12 | Scmi-diamcter of the 

Apparent altitude of the d \ centre 


CHAr.,*n. 

46 s 19' 0 * 

__ A 41 

mnrw 



Horn. Parallax 58' 57 ' ) 

Diminished 58 55 j Pnmlltt-nefemlimi + «0 '* 
True altitude of the moon towards the S. 4$ 38 4 

Declination of the d towards the £5. ' - 1 7 43 0 

Altitude of tlic equator - Stun - 61 * 21 ' I s 

Complement. Latitude N. 38' 66' 


E*A&rLE ni . — Altitude of J'Stqr. * 


On the 16th of April 1808, Antares passed the’ meridian 
towards the south, his observed altitude was 64" 30', and die 
elevation of the eye was 21 -3 feet. “ 

It has been found, art. 18 , that the declination of Antares, 
on the 16th of Apul 1808, was 25 ,J >50' 29" S. 

Observed altitude of Antares towards the S. 64° SO' 0” 
Elevation of the e_ye 21 3 * - Depression — - 4 81 

Remainder 64 25' 

Refraction - - - * — 28 

Altitude of Antares towards the S. - $ * fiF - 2tf r I s 
South declination - - , - « &5 59 29 

Altitude of the equator - Sum * - 90 24' 80* 

Subtract 90". - Latitude S. - - Cf 24' 80* 


To find the Latitude by several Altitudes qf^Sun, token, 
very near the Meridian. > s * * 

T 

46. When we wish to find th# latitude from several alti* 
tudes taken near the meridian, the greatest possible number 
of altitud^mubt be observed in the interval of 14' or j 
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'fy ' , *’ f 1 '* r ,r „. 

the observationt mm toibe commenced 7' or, 8' before the 
passage of thestto dver the meridian, and continued 7,' or 
8' after that Astronomers calculate by a direct and 

rig^ous method, the quantities that must be added to fetich 
ryed altitudes, in order to obtain from it thehfetefi- 
but as in the practice of navigation, an error 
of 2" or 8" is of little importance, we shall give a method of" 
approximation which is more gj||p&lly used, because die 
calculations are rather more sim^flly this method, a num- ' 
ber of meridian albtudes^equal t6 that of the observations, 
is obtained; and tbehuitu$e is reduced from them with much 
, greater preci^ipn than could possibly be done from a single 
observation of fee meridian altitude. It ii 
will shortly apjS&ar, to calculate the 
observed altitude ; it is sufficient to find the correction of 
the mean altitude which' results from idkthe observations, 
and, by this are much abridged. 



» 

ibn for each 


It may be supposed;' Without apprehending any sensible 
error, that in the interval of T or 8' before the passage of 
the sun over the meridian, and the same time after, the. 
changes in the altitudes are proportional to the squares of 
tte times elapsed before or after this passage. Now, it is 
possible to;, calculate the quantity which the sun ought^ 
ascend duriqgth^iast minute of his approach to the meri- 
dian, and vbv.finst- : bf his departure from it; it is therefore 
easy to conclude 1 from thk,how much he ought to ascend 
or descend in any other interval, provided that interval does 
not exceed T or 8' minutes. It is only required to multiply 
die, ^change id altitude which answers to i dle last minute 
before his'|»it'k%:^ d* e meridian, or the first' aftea it, by die 
square of the interval corresponding to each observation, or 
by the squared horary aSghjKf. Such is the fundamental 
principle of tliis method of approximation. . It requires ft 
knowledge of the time of each observation ; a sec^ds watch 
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must therefore Se jteed, -or, what- ; * marine 
chronometer, ’the rate of which shall ^calculated 

from observations taken' in the mQrmpg of the 

■feyie day. The method of|$»dingthe time ajh^u^^e- ■ 
wMjfo' -we 4 ’ are, and 'Of ascertaining the qnatttt^^wh^v-e 
.watch -or chronometer, goings either too &st,-‘^^ho.-«bw,' 
differs from the true time, wilias^bsequentjy Wfe #vfn; in 
the following * rules, it ,:is Exposed that Ihir quantity h 
fawwn. /• .*£ f - 

. 47. The* corrections' of the : f^^|m^^|iltitude«'' will be 
greater or less as the observa^on^®^t5,^|(a^ m$de farther 
from or nearer to the meridian, or as thAeo^^»n<Sag 
horary angles' fee greater or less. If the timfe q|Sie sun’s 
passage over meridian, as markril jhjr~ i jtiw.|mrich« ia 
affected with an error, and this error is of su^p^ituT^ as 
to increase" th% hora$jf angles of the observatkiiiS taken before 
the sun’s passage, it will follow, that$he oajfecUoM^of the ' 
corresponding altitudes will Ik- too great. The same erxhC 
will dimin i s h the horary angles of the observations taken 
after the passage, and the corrections of these last altitudes 
will be too small ; in the ca»se in which the horary angles, 
of the former observations arc too lift}?, those of the k^jbeps:^ 
will be too great. An error in the time by the jQttch will 
therefore have an influence, in a ifonlrary sense, nptp the 
corrections of the altitudes AW*d after the 

passage of the sun over the ras^fsih; and, consequently, 
upon the meridian altitudes deduced from them. Hence it 
follows, that if an arithmetical mean of all. the calculated 
meridian altitudes be taken, the errors, in one sense, thrill 
either wholly, .or in part, compensate forjjiftaiwtef'jtff theriJlis- 
traar v or opposite kind ; and thererror in the mean altitude, 
or of the latitude ijself, wiBl^ays' be less than the greatest 
errors above mentioned. It might, therefore* to be regarded 
as a general mk, that the same number of altitudes sliqultk 
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ed before 


ike passage 



3, within nearly half a minute, 

ike watch ought to give at tile insmnj&jj$f 

the obaervaifems 7 'or. 8 minute?; fefc 

idmark the hour, the minute and the second, , 
. . (r * . 
corres^fcaiditig to each ; cq|*Mo observe 7 or 8 minutes after ' 

thesun h^pifassed the merid|&n. ^f; a sextant & uaed, the 
arc indicated by the indexpn the limb of the instrument 
must be refid o||. at ■ .e ^g^ jfearvation^ ; and its value written 
^ _ v iding time. When the reflecting 

circle M^^d^Jth^ifwc passed dver by the inde^of the great 
mirror, «J#ust he read off at the end of evec$;.$cond or eye n 
obsen'a^^y^_ , THtif method ( of reckoning%ill enable the 
obsFrvetJ^^^ect those observations which he may judge 
defective, mtfeerfrom their differing, to^mimhffrom others, 
*vc because of sfi^ce jw^reseen accident during tly; observa- 
tion itself. 

Take the sr.nf of all the altitudes, if they were observed 
with a sextant, or the whole arc passed over by the index, 
.if. the reflecting circle was used, 4 mfo djyride this sum or arc 
;,'jb^ie number of observations, winch will give the mean 
*pjrirenf|$tjtude. Correct tins altitude for the depression 


of 
oft 

be obtained," 

found by the foliowih^rales, in order to conclude from 
it both the meridional altitude and the latitude of' the place 



er of tlie sun, and the effects 
the true mean altitude will 
be augmented by the quantity 


of-observation, .$< 

.lit. It ia^pfi^ed, that .the time the watch ought to give 
at noon has been caiculatedfrom observations made in the 
morning or evening, and at tbf>lace little .distant either to the 
capt or vyest from that where the altitudes near the meridian 
aprefo bedbserved. Correct this time (art. 8. and 9.), by 
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* 

means of the way made in longitude during the interval 
between the observations ; and the time of the Ain’s passage 
over the meridian, at the place Where the altitudes arc 
liUderved, will be obtained, * v < 

s ‘ $tearch in Table IX, with the estimated latitude 
and the declination, for the quantity which the sun ought 
to ascend or descend in the minute before and after his 
passage over the mp-idian. This quantity is oxjgpessed in 
seconds, and fractions pf a second ; write it down 1 ,»s in the 
following example. , <•' , 

3rd. Take the differenof .jlrtwCen fife time as marked 
by the watch at die instant of each observation, frtd that of 
the passage over the meridian, which wjll give tile horary 
angle corresponding to each altitude. ' Find in Table X, 
Opposite each of the horary angles, a numbpr which is its 
sqttare, expressed in minutes and decimals ftf a minute, and 
write it on the right hand of the library artgle to v^ich jjt 
beioiigs. Add together the squares till the horary angled 
then diride their sum by the number of AlWrvations, and 
<|ie quotient will be the number by which the quantity 
found in Table 1X*> is to lie multiplied. This product will 
be the correction to be added to the true mean altitude of 
all the observations, in order to obtain the true meridian alti- 
tude ; which is to be used in the same manner as if it had 
been found directly by observation, and the required lati- 
tude will be obtained. 

The following example will ’illustrate the preceding 
rules 

v i 

ExAjaptK. , 

» On the 17th of June 1793, bei% in smith latitude ff 
and cost longitude 148 55',* the altitudes of the sun hear 
die meridian were observed, for the purpose «f ascertaining 
die latitude. It liad been found from observations made in 





cha». nr. cAijCR^yidu op la-titcd*. . 
the morhil^\|j^C JN^ 1 W, the watch was l fc 



s ' 84**2 be- 
hind true time. The place where yre were at noqn was 
4' 50' of a degre®, *or 19"-3 of £m le, ’ tifthe west of the pi 
where the time had been observed in the morning, 
elevation of the eye *was 20 feet : what was the correct 
latitude? . »; fi ' * 

• i ' i ' t I 

The time by the watch at noon, at. the ‘^ace where the 
horary angles were observed, would WflO 11 3’|\.2S" , 8 ; but 
as the plat* of observation was west 19*'8 of time, the pas- 
sage of the sun over; the mferidiah tvould take place later by 
the same quantity 1 ; , ‘,The 19"'a must therefore be added to 
10 h 37' 25**8 ; and the time of passage by thd%atch,*#e- 
glecting the fraction*, of a second, would Hf lO 11 3T 45*. 
The details of die following calculation shall* not be speci- 
fied : the operations which Ought to be 
be perceived by inspection. 

The time reckoned at the flrst meridian, corresponding 
to the instant of the passage over the meridian of the place 
of .observation, was 14 h 4', but the 17th had not commenced, 
and the time of the passage was therefore the 16th of June, 
at 14 b 4 the corresponding declination of the sun was 
33° 24' 29' N. **■ 


, will easily 


Time vf passim?, ih^Meridian 10 h 37' 45*. 

; * Squared of the Intervals, or 

Time by the Watch- Multipliers. 

10 h 35' 47' - - 1' 58 ' 3 "-9 

3gi 21 - - 1 2# - - - v - - 2 *0 

83 9 - ; - ;r 0 24'..,* - - ' - - 0*2 

39 10 - - 1 2 T - 1 - - -'20 

A JL+- 

> Sqm - - 8"’l 
Tlw fourth. Multiplier - - 2 02 



50 CALCULATION OF JUX^TUBE. CHA4J, III. 

Quantity ascended by the «un in X' before*! 

passing the meridian «u . * - ) 

Multiplier - Jt>' ^ • 2/Q2 


Number to be added to the mean altitude 
Sum of the altitudes of the ©’s lower limb 926° 1' 40' 
The fourth. . Mean apparent altitude of the v j|L 
0 at noou^ - * r , -* s J 

Elevation of the eye 20 ftjgW Depresfifl# — 4 2 3 

Remainder - 5(f 2G' 2" 


30 2 C 


4 23 


Semi-diametq: of the 0 - - ■, - + 1 3 40 

, * 56° 41' 48 

Refraction — Parallax - «\t, * — r 33 

1 ■ i ■ 

True mcafr altitude of the 0. - S& 4$.' W 

Add - - - - ^ 4 7 

- * ** “ >—* - 

Meridian altitude* North * - * - - 

Declination North - - - - - 23 24 29 


Sum, Altitude of the equator - - 8( T 5' * 

Complement L/atitijb* South - - 9 5V 9 r 

« <r 

49. In the intcrvrtl of 14', during vyluch the observations 
may be continued, it is posable to, take eight pr ten, or even a 
greater number of altitudes; therefore, t}je errors in the 
calculated latitude will be grdjfly attenuate^,'* The latitudi 
may he obtained in a single day with us much accuracy as by 
the observations of eight or ten meridian altitudes, which 
require as many days as there ire observations ; and; if the 
altitudes are taken with a dr&p, .the accuracy will pt still 
greater. 

The greatest errors arise’ from the uncertainty of astro- 
nomical refractions, and principally from those which, influ- 
ence the depression of the horizon, treated of in art, 24 
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and 4hei?e -can'ls^ittie dpubt 

of obtaining the latitude to 'a? minute^ or even to nearly half 
a minute, and *p»ietimes with t id^eater aoeUMtcy. • * 

ToflM •i^LatitiMk^from Tk&j Altitudes effhe SiM'S 'itokm 
out 400ke Meridian, and the. Interval of T,ime elapsed *, 
between- {he Observations. , \ ■ - : *f 

ill ' " 

calculation of the latitta^ from* two- altitudes 
taken, out of die nteiidi|p, apdjjie time ||ajpfied between 
the observations!^ ^ry co^pfijeated. ' The Smite, to which 
tins ti'eatiil -is ^wrrfiiied, do'ifeot permit us tqt^ive thq:,de- 
monstration in this phase, but it will be foq^cl at the end 
of the woijk, 'The <. object which is here proposed, is to 
explain the operations which are proper ty be performed’ in 
f Jiq^br 4%e method s that can be employed at «£a, in order 
to render their application easy and familiar. This reason 
bite inwsed us to give slparj^ely, at the end of this treatise, 
tile demonstrations of all the methods which depend upon 
die resolution of spherical triangles. 

51. This method requires us to kno\^ whether die sun 
ought to pass the meridian towards the elevated or depressed 
pole; but such a condition cannot be productive of any 
incqnVenienceini practice* lit fact, it is impossible to obtain 
the latitude ftpm altrtuiijgs taken before and after noon, when- 
ever the sunVsheridian alfftiide exceeds 84°, that is, when 
his meridianal Zenith distance is less than 6°; but, as we can 
never have so great an uncertainty in die estimated, latitude, 
whenever diis kind of oliScyyation is practicable, we shad. 
ne^tTbe liabfe to'thistake tfie^denominaition of the pole to- 
wards which the sun paife the meridian. . 

52 . AC altitudes that cap observed while the sun is 
above tjie horizon* are not equally proper tor giving the 
latitude with that precision* which the* safety of navigation 

■E » 
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requires; ffio&e might be dbs^^ from Which the results 
Would be very defective, and even amongthose altitudes 
that might be taken in favourable circumstances, there are, 
some from which the calculated latitudes would admit of 
greater precision than from others. These circumstance? 
depend, in general, upon the interval %f time ofipsed be* 
tween the observations, with rcspcd; to that of the horary 
angle, corresponding to the altitude taken nearest the meri- 
dian. The probability of an error with which the latitude 
may be affected, may also be estmrated by the ratio which 
exists between the azimuths corresponding to e ac h observa- 
tion ; it is these last angles of which the greatest use will be 
made in the following rules. The method here treated is 
discussed with the greatest detail in the seOqud yolume of 
dEntrecastettux's Voyage ; and it is from this ; wort that the 
following precepts have been extracted. 

53. When the two altitudes have been taken on the same 
tide of the meridian, that is; when they have been both 
observed in the morning or the evening, they are said to be 
of the same kind. When one of them has been observed 
before the sun passed the meridian, and the other after, they 
are of a different kind. 

The azimuth corresponding to the altitude which has been 
observed nearest the meridian, or to the greater altitude, is 
called the less azimuth ; that which corresponds to the less 
altitude, is called die greater azimuth- • 1 

j' 

' {' 

Genekat, Peecepts, - 

For finding the Latitude from TiiSa Altitudes taken out of 
the Meridian. 

54. When the meridian altitude would exceed 84°, this 
method cannot he employed. , 
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The lass ?tIdtude slK»ul(J j^ more than 6 * ofifr. 

The way made by the vesfel in thfs interval between the 
, observations should not except ® leSguos. 4 #,. 

The watch with which the interval of time' betw^Jhfe 
observations is measured, should not \%y ftpm mean time 
more thatii jS minutds in M hours, „ • ■ 

'''' ' " K ^ 

' , ' V * \ 

..'si OBSERVATIONS OF THE SAfKE KIHD, 

i, ,\i 

Rules for the Attitude nearest the Meridian. 

i ( v , ' ; t 

55. The, nearer die greater altitude is taken tr the meri- 
dian, the greater precision will be obtained in the result." 

If the interval be measured with a marine chronometer, 
the least azihroth ought not to lie greater than 4(P or 4S 3 . 
In the case where this measure can only be taken with a 
Common watch, susceptible of a variation- of 8 minutes in 

84 hotti's, the least azimuth ought never to exceed 15 . 

•; v e t. ..r 

Rules for the Attitude farthest fromihe Meridian, 

58. The interval of time elapsed between the observations 
should always lie greater than that corresponding teethe least 
horary angle ; but as tlie rath) of these two quantities is 
subject to a variation, according as the meridian altitud^ of 
the sun is greater or less, general rules cawonlv be decjuced 
from die values of the azimuths conesponding to the -two 
altitudes. 

The value of the^azimuth corresponding to the less alti- 
tude, or the greater azimuth* ought not to be less than 
about times tlie vab$p of the less azinpjth- When a 
marine chronometer is used, the- larger the former of these 
azimuths is, the greater precision will be obtained in the 
result, provided the, sun has always more than 6 ° or \T of 
altitude; and tlie way made in the interval between the 
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observations is not more tjjan'^leagues. With a comrpo* v 
watch, the greater azunutVs^uld not exceed 75° • 

following these rules," the latitude may he obtained ■* 
to within* ^bout 3 ininu,tes of the truth.' t 

i ^ , j ^ at. IS 

7 “ * *»> h? 

\ 

+ ' t \ 

OBSERVATIONS OF A DIFFEBENT KIND. 

57. The nearer the two altitudes are dbsei^Scl to the 

meridian, the ‘greater precision pay be obtained iu the 
result. * 

Rides for the Altitude nearest the Meridian . 

58. If the interval of time be measured wiij&a jfljkirine clu^% 
nometer, the less azimuth ought never to exceed 44'; "witli 
a common watch, it should not be more than 30°. 

" , ■» ’ 

' * r t * 

Uules for the Altitude farthest from the Meridian* 

59. The Supplement of the greater azimuth, or of the 
azimuth corresponding to the le^s altitude, ought not to be 
less thonrtwo and it half times tin* \alue of the less ariinuth. 
This rule is without exception when the interval between 
thoobsecvfttion.s is measured with a marine clmmometer ; 
but it is to be recoiled ed, that the sunhnu&t not be lielow 6’ 
or T of altitude, *and ths^t the way made itl die interval is 
not to exceed 12 leagues. When a common watch is' 1 used, 
the less azimuth may lie between 15’ anJ 30", and the^m 
of the azimuths eorresjKmding to the twd* altitudes, or the 
azimuthal interval may be 60 ’. When the less azimuth is 
not more than 15’, the greater should not surpass 75*. 

Whenever these rules are complied with, the latitude 
maf^bc obtained to nearly 3 minutes of the truth. , 
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Remark on $ie AnoUeatm l^R : &e ’preceding Rules. 

” 60. It is not necessary,, to kn^r die azimuth corresj 
ing to each altitude with a great degree of accunutyijjp 
order to ^e^able tojudge of - the precision of which *lhe 
obsen’atiopn W susceptible ; it will >be sufficient to obtain it 
within 8 or S' 1 . JTablesXII and Xlfiy the use of wliich 
has been explained in art. 40. ancf ^JL, will give these 
azimuths with the necessity accuracy, at, least .with a very 
simple operation, as ^liall be sJioWri. 

Cl . When, the multiplier, ftjr the correction* of the less 
altitude, oii .account of the way made in latitude between 
the observations, has been calculated, enter Table XIV, 
with this 


totef; and there will "lie found in the same fine, 
on the ;i Jeff hofra, the azimuth corres[x»nding to the less alti- 
tude. The multiplier, answering to the greater altitude 
being calculated in- a similar manner, by means of Tables 
XII and XIII, .the* azimutfi that answers to it will he 
found* in Table XIV. The two azimuths bang known, it 
will lie very easy, according to the preceding?- rules, to 
ascertain whether the circumstances of the observation 
are favourable, and if the result will V' Comprised in the ' 
limits, of precision already jpijcaled. It is essential that 
the proportional- parts should be taken with accuracy 
in the Tables XI I.,: And XIII, whencvfir thefgreater, 
altitude^,, corresponds to iah azjmuth less w than 30°. The 
same fables are no longer prppcr%wr giving the value of 
the azimuth, eyen 1%. approximation, when it is less than 
15'; but in this case, the.vafiie will be, very small, and the 
azimuth corresponding .Jgj^he less altitude may always bq 
from 40 to 45 degrees. . 


Calculation of Latitude. 




UA A UF JUAUil/OA. ^ ^ ^ 

68. Tifie latitude of the plape where the greater altitude 
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has been <^e#ved canpqjt be directly Obtained ; but several 
other quantities, must firstdie/^culated. 1st. It is neces- 
sary to ascertain the distance of the two places which the 
sun occupied in the heaved! wkh respect to the meridian 
and horizon, at the time the- altitudes were observed ; this 
is called the distance of the sun's places. 2nd., The angle 
formed by the arc of the great circle that measures this dis- 
tance and the circle, of declination corresponding to the 
least altitude, is to be calculated ; this is the first angle at 
the sun. 3rd. The second angle at the sun, which is 
- formed by the arc of the distance, and the vertical circle of 
the less altitude, must also be calculated. 4th:, These two 
angles, added together or ; subtracted from each other, will 
give the angle that the circle of declination makes with ,th$ 
vertical circle of the sun, at the moment of^bsefVing the few 
altitude, or the angle of variation. Lastly, by means of 
this last angle, the latitude may be directly calculated, which 
will be that of the place where the. greater altitude was 
observed. 

63. Previous to entering upon the calculations whienhave 
been specified, it will be necessary to obtain the data that are 
to he employed- The time at the first meridian correspond- 
ing to the two instants of observing the altitudes, must first 
be found by means of the estimated longitude ; tlien the 
two declinations answering to these instants are to he taken 
from the Nautical Almanac. Half the fsum of these declin- 
ations taken from 90”, when the sun is in the samji, hemi- 
sphere with the elevated pole, will give the polar distance, 
w hich is to be used in the calculation. f When the sunt is in 
the other hemisphere, 90 degrees Ja to be added to half the 
sum of the declinations corresponding to observations of 
altitude. . . 

The interval of time elapsed between the observa- 
tiom} as obtained by the watch, is the same as would have 
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been measured if the vessel lpid not changed*^ place ; in 
short, whether we ftewain or move wilfr gpeat- velo- 

city, provided die instants indicated by the w$tch are'; the 
same, the elapsed time wdl Sways be equal to the differ- 
ence of the times corresponding to the observations! But 
the difference of the times reckoned at the - pi aces, at the in- 
stanfsof ,the two observations, must be used in the calcula- 
tions ; thus, if the place where the less altitude was observed 
is to the eastward of that of the greater, the difference of 
longitude of die two places, reduced into time, must be 
aldded to the time of observing the less, altitude ; on the 
contrary, if die place of 'the less -altitude is to the west of 
that of the greater, the difference of longitude must be sub- 
tracted. , The difference which exists between the time of 
die least ’aftitimc so corrected* and the time of the watch 
corresponding to the greater altitude, will give ah interval 
of time, the half of which, reduced into degrees, will be the 
half interval with which the calculation is to be performed. 
When the observations are of the same kind, that is, when 
both have been made in either the morning or the evening, 
subtract the less time, as given by the watch, from die 
greater, anxl it will give .the interval of tigie which sepa- 
rated them;. If the observations fire of a different kind, 
subtract die time of the observation made before noon, from 
that which corresponds to the observation made after noon, 
increased by 12 hours. 

<5& The two observed altitudes should be corrected for 
die depression of the horizon, the semi-diameter of the sun, 
and the effects of refraction and parallax, according to the 
irales already given ; there must also be another correction 
applied to the less altitude, foi: "the purpose of taking into 
die account the way which the vessel has made ip latitude 
during die interval between the two observations f $|is' is to 
be found by die methods explained in art 40 and 4iJ ; 
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. ,. 66 The multiplier which serves to^aglculate thfrftjtoifec-* 
tioujof the less altitude,' Willi g$Ve, ipft the af&istaace of 
Table XIV, the azimuth 'c^e^ponding to that altitude. 
The jhaultiplfer that agrees witM^e greater altitude, andalso 
its corresp^Hidin^ azimuth, arefobe fbubd in the sauae man- 
ner; the Sko azimuths must then be ^compared together, "and 
the ratio of their values ; will enable, u$ to judge (see^art. S5, 
and following), whether the observations have been made 
under favourable circumstances or not. 

kr t Tr ' 

67. When the given quantities, shave beem collected, and 
it has been ascertained thft, the result ought tq be, within the 
limits of the requisite, jirecisien, the' latitude may “fee’ calcu- 
lated according to tliOdbHowmg rules. ^ 

1st, BtfMancfi: gf thetevo places of the sun. r Addtl)e loga- 
rithm sine of half the interval 8 to the logarithm athl s,pf the 
polar distance ; the sum ynjll be the logarithm sine of the 
half distance 1 of the* sun's# places : double this, and it will 
give |fie whole distance, s . * 

2nd. First apgle at the sun. Add the logaritlnn of t Jhe 
cotangent of half the interval to the complement of Ws' 
logarithm cosine of the polar distance ; the sum will be the 
logarithm tangen$ u pf thf fowt. angle , at the sun. Half tlie 
corresponding arc will bd half thq^prst angle ft the sun. 

The arc answering to the iogaiittatn tangent *,pf tbg .jpa^t > 
angle at the sun ‘dhould be less than 00', if t]he dislatiqppbiSi 
the .sun to. the elected pole is less than' 90’ ; « but greater 
than 00"', if the polar distance exceeds 00°: thus, i^the , 
first case, the arc found in die Tabled will jbe, the first angkfe; 
in the second, it muft be subtracted from 180’ to obtain ting 
angle. 

The data employed in the calculation of these two quan- 
tities s|f, |he same ; and tliev may be disposed as shown in die 
folltiH^irab^e, ( Immediately after having taken the logfc. 
ritlim sute of half the interval, The, logarithm cotahgeift is to 
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j* r 3T, * 

t i,^ *i 1 j , & ft vriiffi 

be taken^'tofl WH*^ equate the former. flffe same b 
also to 'be done wi^l*esT^I.^%lie polar dfetaiiOi : ;'^flt 
having found the. logarithm'|jpf' its s§ne£' the ariihm^t* 

_ complement Uf its cosine is ^we tak|h. ' 

3rd. -I^atid angie at the sim?-: Write one above Another, . 
and ip ..pgr follqwifig ^order ; the gibaterii«lfitude,%ie less 
corrects altitude, and-t the distaxice^-of the sun*s places. 
Add the&e three quantities together, ; j;and take half their 
from which subtract the greater altitude.'' 


sum ; 


Search theij, in the Tables, for the arithmetical compile* 
ment of the logarithm cosine of thq less altitude, and that 
of the rine^jf the distanqe of the 'sons plaoea Take from 
the same tables the logarithm cotine, jot *fhe half’ sum/ and 
sine of ^diSerence bet ween-, this h«yf sui^j^id thdgreater 
altitude,^- ; Add ? the two arithmetieal jcomplemettts to the two 
logarithms: half, their sum will bejbe lt^rithm side bf half 
the second angle of the, .sun ; which ’is to . fee written below 
th|t. of the -first, which has a&adj^been fpund. 

$&. Anghe of varidjfam. When the sun ■puisses "the nieri- 
(liat^ioward! the depressed pole, take half the" difference of 
the first and second angles at the sun. But when this pas- 
sage is made towards the 
which will lie half tl]|e an|^ formed 
" drfh^Md h|s circle of declination, at the instant of observ- 
ing the**® altitude ; or half the angle of variation. 

Stir, Latitude*- Belovr the draff anglq*o£ variation:,' write 
the dllbancc of the sun from the elevated* pole ; and'imtne- 
diatijly under .it the less corrected altitude: * Subtract the 
less Altitude from the polar distance, and take the difference 
between the remainder-apd 9Q- a '; write half this difference 
below the other two 1 numl^rs. * '*> 

Find die logarithm cosine of half the angle 
tion ; ndi| to it, first, half fjie Ipgarifhm sine 
polar distance, than half' the^ogarifhln cosine of the less 



If their sum : 
y the sunV vertical 


a- 

iftie 
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altitude, and* lastly, the arithmetic^. complement of th| 
fe^jritbin co^iie of the/h$l£ differed*, referred to at thte^ 
, end of the last paragraph. v ; Thesum of these four number^ 

' wiltjbe the logrithjin sine, al&a% ; auxiliary aro Take the 
logarithm cosine of this arc, and subtract from it the arith- 
metical complement of, the logarithm cosine of /the, half 
difference between the remainder and 00°, abovefound ; 
which will give the logarithm cosine of half the snip of the 
latitude plus 90". Multiply the corresponding arc by 2, 
and subtract 9 from the tens and-hundreds of the degrees in 
the product; and the remainder will be the latitude of the 
place where the greater altitude was observed. • 1 

Example. 

On the 17th of July 1809, about 6 h 40' iu the morning, 
being in 43° 6' of north latitude by account, and 148° 56' 
of east longitude ; when the watch was G h 44' 20", the alti- 
tude of the sun’s lower limb was observed to he 21° 34' 50" ; 
and when the same watch indicated ll h 12' 36" - lf>, a second 
altitude of the same limb was taken, and found to be 65° 
18' 58*. The elevation of the eye at theScytwo observations 
was about 21 ^ feet . I n f he interval between the ol iservations, 
the ship had advanced 25' 3" of a decree in longitude to- 
wards the west, and 27' 20 in latitude towards the north. 
The latitude <|f the place where the greater altitude, was 
observed is required. 

Tlxe yules already given are sufficient for finding the/ 
elements of the calculation for this example; and, from an 
inspection of the following table, it will be easy to under- 
stand the operations which are to be performed ; all details 
on the subject will therefore bfe dispensed with. It should 
now he Remarked, however, that the common denomination 
of fip*. and second observation, have hot been used; it ap- 
pealed that , those of the greater and less altitudes would 
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render the application of the rules more uniform, and the 
distinction <6f cases itioee easy. Care has alsd been tafccnssto 
specify, in the same /table, ih# quantities *whi$h aredd^itive, 
and those that jpre subtractive. When the same quantities * 
may have, in different cas^s, eitppr sign, the circumstances 4 
that determine in what : sense they are to.be used, hove t 
been Vtitten opposite them. "thus,, without any (titer 
assistance than this tables ahy observations may be calcu- 
lated, whatever may be #te eirciuhstit^ces under which they 
arc made. * 4 s 
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of the hea venlyfBodit^ 



* Yl* 

68- It has airead^ hec^&h^fn, font rf kpowljcd|jl of the 
time at the place wh^jse we are is necessary, for ^btaihing 
die latitude j?om sc\ef*J altitudes of the sun taken near the 
merifoan , ftpd^t is equal!} , essential in calculating tlie lon- 
gitude by means $F maline ohronanj£ters/*md the dittanies 
of the moon from the sun or the stars -mpis problem may, 
ihcrftfore, lie regarded as one of the most important ixj Nautical 
Astronomy We shall therefore gtVfe, in thi* chapter, 
the means of finding foe trpe tii^ie at foe \essd , then treat 
of the inverse method, jfoich com ’ S 1‘ 5 fo calculating the alti- 
tude of ftnyHieavenly'body, from knowing , tile tune «£ the 
place of observation^ Tfe#* calculation -of the oltftude is 
useful in certain cares, where t| is required to find the true 
distance gf two of the heavft% bodies whfen the appaient 
distanqljp been observefo These tyro problems will tlien 
be applied to that o^J$qgteode, in^ <|>e two following chap- 
ters, in which .fog jm'foods to he uggd ii> qfdculatmg tin lon- 
gitude marfo^ clftjj^ip^eters, and the distances of the 
heavenly bodies, are explained. 






CH VI'. IV. CAXCUIATWJJ HOAAar AMflAE. 

, |C Jakvj/tfim of 0w Horary 

69- It was said' id tlV ij|^rnexi?eraent*3f -th?l 
that the a flttjfflw aical day k‘ , \M 4 inteWal -of time el 
between thppasSage of the sun .-ovef^ftriy merfdMtti, ami his 
return to the same meridian. This iipfedW! is^ivi^d in|p * 
24 ecyial parts, which are^|Sd J^rs, and are so recUfeiea, 1 
that when Sie circle c ^Mtia tfs donation, bjfevirtye of Its 
diurnal morion^-bas |§&sed overall 0 of thd jqguator, we 
reckon one hoih^ apd when it has. passed over*$0 , we count 


hours, . It, folMtos from this^that 0&®n ' tlfp circle of 

<*¥*4^7 S ... "Ljl*. & 


dsdina^d^a 180’ Atom the meridian #afc^ % the first, 
we .ggf kpift 'lltj'ho urs ; and* lastly , the moment of the 
sun's trcurp to the same mgpdigUi, this circle of declination 
has passed ovat 36w of the equator* and then the 94 hours 
of the day are elapsed. Those pms of time tfiM have the 
same denomination, answer to equal parts- of the equator ; 
they may therefore be \aluld in' jBegrttes. It also follows, 
from whip, has be£n salfi, tha'f the tune at arty , place is equal 
to the difference yf right ascension between' the celestial me- 
ridtair-of that place and the cmle»pf the sun's decimation, 
at the given inslapt, or tp the ^herical angle fyrmed by tlie 
meridian aqimtie «rcle of decimation. - ' * 

JO, Front noon, or die momcrS? of the surfs passage over 
die meridian th }us setting, 4^d cvemtq the foment of his 
arrival at tlie meridian, 1<8C^' $ft>m i$iat of th? place, the 
circle^of declination becom^-more distant from jhe meridian 
of that place ; after whjph, it approaches it m I the sun 
petum to* tlie mfridiari^ agonC 1 '.Qte least dktnrice jof the 
circle of declination frqra the incn^^n».jit any given time, 
is called the ffolrafy Angle. fim,nalf of the astro. 

noimcaJ day* that is, from upon to midhiight, die horary 
angle is^etjual to the hour itself ; hul in tlie latter half, of 
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frcfai midnigblto noon, the$fo|j& is the difference between 
4 #be jEjwr^'W^^ #1^160", oif '24 hours, whfcagf*' the day is 
reckbped flstrqgjfifoic&lly ; or to the difference between the 
*ame jttjjjjfe ana 160’, of 1$ hours, when the day is taken 
in a civil apse : this is the angle . which is dwfic&y given by 
the fe&wing calculations. ' V 

W/ 1 As tM altitude of the sun varies afevery momeiit he is 
above’ the horizon, the' time. Or the hofary 'Angle, may 
therefore be ascertained by observation of his altitude. 
From the risi^ of the sun, to his passage over the in$ri> 
dian, hitutftftade increases at first very rapid|^, aftenjte^ 
his movement in altitude iWomesskjwer ; arid family, Write 
he has arrived at the meridian, tins motion Ceases. When 
the sun begins to descend towards the horizon, hhi^dtion 
in altitude increases ih the same'pro]x>rtion as it diminished 
before he arrived at the meridian ; that is, the correspond- 
ing motionsj -at the same altitudes, are always equal to 
each other, or, may he considered as being so. The cir- 
cumstances in which observations on die son’s altitude give 
the horary angle iritli the greatest accuracy, are. those in 
which his motion in altitude is the most rapid; when the 
sun is near the meridian, observations of his altitude one 
not proper for ascertaining fie horary art^le. < According to 
theory, the greatest motion in the sun’s altitude is at the 
instant of Ms passage over the prime vertical, or when ' the 
azimuth of the sun attains its greatest value. Observations 
of altitude intended /dr the calculation ob the horary angle, 
should therefore be made as "near this instant as possible. 
By mefcnstef the sun’s declination, -And tfie latitude of the 
place, there may be found; in Table aV, thf? altitude 
which the sun hftS' On the prime vertical, or wheri his azi- 
muth is the greatest ; the observations should, .therefore, be 
made when the sun has nearly attained the. altitude given 
by this table. ;f *• * " ! 
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'Bus. tahje must fee usetf jpdy wfeea tho^p^ 
observer arfcijWi in the same dwmusnfei^' - aSxt&M 


cba^»erw9^K&. in the samefemisj^^ 
declination of thc*sun r hnd* the latit^dOj .rtf. .of, 

observation bW “ tfeo san^ deipainatiE«;« Cr* 
trary ,caae, ...B&lierp th$ decision of thestpi aad,*ihe, 
latitude have different nanfnsj the .sdu can never si &ye:gi y 
the prime vertical* Thentfte moment^htii the* pun's 
azimuth is tfee greatest* ^fh&t, of has rising of setting; the 
observations should be nettle when the '.sun is 

i^F the horizot^ ’' Bnf altitudes lriss thaft (TjW^ xitust not 
4 asJ|^JW this altitude, the refraction, uncer- 
and'^roh# occasion sensible < ^ors inT'the tune which 


^j&d&frtSm the calculation. V ! < ■■ 

7SU^ihe'latiiude by account is one jif the data necessary 
in the Calculation of the horary anjfle; and this mat be 
aff|cted with errors sufficiently great' to have a sensible in- 
fluence on die result. The case in? which the dnffijuaace of 
this errm* is die least possible*' al§p lakes piece vfhen Jt&e sun 
passes die prime verti<^ or attains his maximum azimuth. 
The cr^t; in die horary angle arising from latitude, will 
therefore be diminished the most,.';,, when the Vules are fol- 
lowed which have been given relapte to "the circumst anc es 
in whiefe; the xnotion iji altitude greatest. 1 

73. In genyrafe die nearer the azimuth conjespqnding to 


the bfesorved altitude approaches to 90", die less error thaw • 
will be in die result. The eri^f which may be apprehended 
in the horary anglg will, ou the contrary, be greater* as the* 
observations ate made nearerilhe meridian? and the cor- 
responding azimuth is less^ Hence, observation^!* altitude 
are not proper ‘for ascertamnig the t$Pe ft the place where 
they are made, during some time befpre^ifeti after the sun's 
passage’ over the meridian. But the results will always have 
the precision which the safety of navigation 4 requires, if dm 
altitudes are observed before half. paft 19 in the morning? 



CHAP. IV. 



CAictrtATid| f*|g| HE ^9 ahy ancie. 

cgj je in th^laflernoon. Then the time 
led W about 8" or lOS^ time. 

Y, it may happen, that the obser- 
sunder the mot favourable circum- 
stances ; an4 that an altitude taken betwega’ half past 10 
and nr else between noon and halfpast one, may still 
be proper fat ascertaining^ the" time witK^sufficient aosjaracy. 
Then the azimuth corresponding to the altitude must not 
be less than 20°; but in this lastjcate, there cannot be any 
certainty of aafeertafhing the time within less. tlian 20' or 25*. 
It will be ea$j? tb iasccr tai n if the corre^onding^aspmu^^l 
20% by the assistance $F the tables xfl ' ^ 
These Tables have, therefore, the advantage of sE&vtjiff 2 
precision of which the .observations of the horaiy m^gges are ! 
susceptible r&s wellasthatof giving the latitudes obtainearrom 
two observations taken out of the meridian. The . 

plier proper for the observed altitude may be obtained by 
the rules given in art. 40. and 41 ; and in Table XIY there 
will be found the azimuth that corresponds to it. Froth 
thl magnitude of this azimuth, we may judge ofihe degree 
of confidence that should be placed in an observation made 
near the limits within which the result may be defective. 
If the calculated azimuth is below 20% the observations 
should be entirely rejected : even in the case where it doeg 
not exceed 30% and where* the latitude could not be ob- 
served, it will be necessary to conduct ourselves witli cir- 
cumspection, with respect to the result of the observation. 

74. Whenever it is . requir'd to obtain tin* time at any 
place by observations of the sun’s altitude, these altitudes 
should be taken as near, as possible to the most favourable 
circumstances. Several altitudes of the sun may’ be ob-* 
served in succession, and the hour, minute, and second 
corresponding to each observation,' noted down*. It will 
then' be easv to dedilfce from them the mean time corns- 
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ponding to the mean altitu 
is to be pe gfe rmed in the 
*75. Fir*i find by m^ans of 
place, and the longitude by account, .t^fene 
meridian at t^moment t>f Hie observation. Tb 
serve to findf’in die Nauftical Almanac, the Efun’| 
tion»J&®m- which Ks distancp*£roni t^e 
rived, which should be employed in the calculation, 
the necessary correcting must be. made in the observed 
altitude for obtaining the true altitude <c£ the sunVcerltre. 




i ivritc ih ’tbe following order, the altitude, 

ttij^de, jmd the polar distaipe : take the sum of these 
i titles, jpd half this sum ; nekt, from this h®df 
humlB|bti»ct the true altitude. Search in the Tables the 
aritifiitoeticj&l complement of the logarithm cosing of tht; lati- 
tude, and 'the arithmetical complement of the logarithm sine 
of Hie polar distance. Add these two arithmetical, comple- 
ments to the logarithm cosine of the half suin', apd to the 
logarithm sine of the half sum minus the ‘ true altitude, and 
half the sum thus obtained will be the logarithm sine in 
half thp'honuy angle. Find in the Tables the correspond- 
ing arc, which will be half the horary angle reckoned in 
degrees. This arc, multiplied by two, will therefore give 
the horary angle, which will be reduced into time Iby .multi- 
plying the product by four. The calculation will he abridged, 
if the, are found in the Tables be multiplied at once by 
eight; and by reckoning the seconds of the product for 
thirds, the minutes for seconds, and the degrees for mi- 
nutes, .the horary angle of the sun will be, him' in time. 
If the observation was made in the afternoon* 1 ' this horary 
angle will be the hour at the place ; if in s the morning, its 
complement to 24 hours will be the time reckoned astrono- 
mically, apd its complement to, 12 hours will be the civil 
time :■ hut, in this latter case, care must be taken to specify 
whether the observation was madein the morning or evening. 


P l 
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3£6. The time- thus jound is called true time, because it is 

the^actual positiop,:.of the sun, 
to ' the pace of observation. It*is the sun 
which, gy virtue ^theearth’s diurnal motion, causes the 
successive return ofday and night ; bissannual motion also 
regulayl the periodic return of the seasons ,* it is from this 
body & the most remarkable division^M time are derived, 
and those which regulate the transaction! civil life. 


Example. 


The 14th of July 1790, at about 8 h 18' in the morning, 
being in 5’ 55' 45* of South latitude, .and litt 'fy, of set 
longitude, the following observations were made, fropwhieb 
it .is required to reduce the time at the place of observation. 
The elevation of the eye.was 14 feet. y 


Time by the watch, tj 


>'• 8’ 1 8' 48" 

Sum of the ©*s altitudes 

- IT'S" 46' SO" 

9 19 

Mean altitude of the 0 

28 47 43 

10 S -5 

V 

Depression 

< 

-i. S *i(i 

, . 28° 44' S’ 

11 7 

Semi-diam. of the 0' 

. if 15 47 

p ,t' 


2p° 59' 50" 

IS ■' 

Refract. — Parallax 

- 1 36 

IS 58 „ 

True altitude 

- 528° :>S' W 

Sum - - 64' 23"-5 




Mean time * 8 h 10' 43"-9 

The time at the first meiidian, concluded from the esti- 
mated time at the place and , the longitude by, account, is 
10 h 10'. The corresponding declination is 31“ 39' 30* N. ; 
as the sun is m the contrary hemisphere to the observer, 90’ 
must be added to die declination, and the sun’s distance 
from the elevated pole will be 111“ 3§' 30". 

It will be useless, in calculating the horary angle, to take 
the proportional parts for the . seconds ; consequently, there 
may be added to, or subtracted from, the three given quart- 
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«ak* 


Table! ^'Attea- 


titfes of t^f.,calculation, t^e^ui ^ 
cause the-R^iriths of the tiigono: 
pond to them, fa? be found directly i 
tion must jil^ jbe gai4 to make the^enfall Hianj§i?:in 
given quantifies, sothat ,the tens in their sum *•»■*•«■*«■ 
even number, as 



lows : — 

v | 

True alt. of the &%8° 5&10' 
Latitude - - 5 6&>40 

Polar distance ; 1 11 39 _30 

turn r Jk - 146° 33' 20' 
- 73 m 40 

altitude" 44 18 30 







Comp. Cos. - 0*0023285 

leiries.v O<0®17968 

1 *'% 


- COS* 




smc 
Sum 
i Sum sine 
Half the horary angle 
Multiplying by 


9-4589888 
9-8441785 
193372920 
:^9-668e460 
ST 47' SO" 
V - 8 


. When the observation was made i?h the itftcr- ) g h gQ« 
• noon . Horary angle ------- J + 

When the observation was made in the inarm- \ g h y^, ^ 
insr* subtracting; from 12 h - - •*'*.*) 


ingy subtracting fro 

Time by the watch - - 
The watch is too slow by 


*:*•' - - 8 10 43 -9 
- - - 0* & 5&1 


The time by the watch is less than the time at the place by 
6' 56*1 ; the watch is therefore slower than true, time, by 
this quantity. If this time by the watch had been the 
.greater, the difference of the two would have been what it 
was too fast, -or before true time. 

77. The time may also be obtained by observitig the altitude 
of a star. The rules already given relative to the observa- 
tions of the sun's altitude must be followed, both for taking 
advantage of the mo&t favourable circumstances, and for 
calculating the horary angle. In this case, the horary angle 



10 


CALCULATION 


OF THE HORARY ANGLE. 


CHAP. IV. 


oftfhe stor^inJI^ t&fcfit iHfferenoe in right ascension $t th© 
indtantof the observation, between the celestial inerldiari of 
, |he plac^ and the ’ Circle of declination of the star. The 
'""right. ascensdori'ofHie star's circle opipeclimition, or the 
rigrit,J$)pension of th^At^r itself, be^bgC^qown, it will be 
easy to-derive from it t^ np^t ascenstia| ¥ of the meridian; 
which is done in the following manner t— When the altitude 
of the star has been observed to the west of . the meridian, 
add its horary angldfo itsjight ascension reduced into time-; 
'the sum Will be the right ascension, of the meridian. Vj[hep 
the star is observed towards the east,; subtract it$ !uu$ry 
angle from its right tension, and the remainder “W® Jbe the 
right ascension of the meridian. Then take the rightf&cen- 
sion of the gm from that, of the meridian, and there i^ill be 
obtaiimd .the.. difference of the right ascensions of the. sun and 
the ti^pftian, or the hour at the place. Instead of the right 
ascension of the sun,., the Connaissance des , Terns contain^, 
the distance between theVquinox and the sun *, which i8;t jpL|/ 
dgmplement to 360°, or 24 hours ; to obtain the time at iMf ' 
place, it will tfcpJritbre be necessary to add'ihis .^|ntity to 
the right ascenrion of the meridian : if the sum ^(peceds, 24 
hours, the texceas will be the time required. „,The distance 
from the equinox to the sun, should be calculated^jpr the 
time at the first meridian, deduced from the estimate hour 
at the place and it» longitude when the time resulting £fo$i 
this calculation differs more th#n 5 mjnptes frgg|„the esti- 
mated time at the place, the distance i|om the etpiinox to 
the sub mey |jp calculated again, and a , second result will 
bp obtained much more a c&u rate than the former. It would 
be.p 9 ss^c to arfive at tl^gfeatest degree of accuracy, by 


y 1 " ■ r " ’:* 1 : 

* The sun's right ascension is taken intiMfeStfety. front the .second page of 
^ the Jtfautical Almanac, and must be added to the ascension 

qf the meridian; or subtracted from it, as directed in the rule. Trend. 
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waging a third calculation df the distance from the equinox 
to the sun i hut the second will ah^s hhm.it sttffiooit 
degree of precision- t ^ e 

* ' if 

* 4 , t Example. * 

Being in 21* ITtjf south lat^ude^smd 80" 6' wesf^iongi- 
tude, on the 20th iJ^May 1810, atj.0 11 and {, several alti- 
tudes of Antares were observed, the xnedn of which was 
59" 22' 30". The mean fimc by the wafeh was 9* 43' 55"; 
and the elevation pf the eye 19f feet nes^lyi Required the 
true time of the observation. ‘ ‘ 

4 Tlhe h'6tir at the first meridian corresponding to the time 
rft the "place is 12 h 15'. The decoration of Antares is 
25’ 59*. 57' south ; and its distance from the elevated pole 
04° <f 8". Its right ascension 244° 27', and in time, 
ltj 1 * 17' 48'. The distance from the equinox to 
26 s 11' 56* 7. ' 

altitude of Antares ----- 59° 1J2' 30* 
Elevation 19| feet Depression - - - - — 4 jjl 

4 4 . ■ 59° 18' 9' 

4 \4*i Refraction - -- -- -034 


True ahitude’of Antares - - 
True At of the star 59° IT 40* 

\ 

* 59* 17' 85' 

latitude - - - 21 11 0 

Com. cos. 

- 0*0808842 

Polar distance - 64 0 0 

Com. sin? 

- 0*0463898 

Sum - - - 144 28 40* 



4 Sum - - - 72 14 20 

cos. 

* 9*4848696 

4 Sum — - altitude 12 56 40 

sin. 

A - 9*8502600 


S um - - - 18-9113586 
Half-sum. Sin. 94^56768 
Half horary angle 16° 85' 80* 
f * Multiplying by - - - 8 

In time - - 




2 h 12*44' 
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%t CALCQj&ATION OF THfc ALTITUDES 

In time- - - - - 2 h 12' 44* 
r -Right ascen. of the sfefr If) 17’4$ 
The stkr to the cast. T>ijfer. ) Bightascen, of ) - . b 
Hie star to th^west. * 'Smt 3 tlyfe jfe rid. i 

4 ' Dist. from thO v ^|^g to Q. 20 11 57 

Sum.. Time at -tile place 10 h IT 1" 
Time by the watch - 9 43 55 

t Watch behind true time 0 h 38' 6* 

The time which results from the calculation, differs only 
2' from the estimated time at the place ; it isthe^efore not 
necessary to make a second calculation for thedistditoe 
from the equinox to the sun. ; ‘ 

> , n 

' - , ■> - , i * 

Calculation of the Altitudes of the heavenly Bodies. r 

78. This problem is the reverse of the preceding, one. 

In the former, the horary angle is found from an observa- 
tion of the altitude ; in this, the altitude is to be dticubtiecl 
by -means of the horary angle : this requites a knowledge of' 
the' time at tiie place. When the altitude* of the sun is to 
be calculated, tbfe horary angle is easily found. is equal 
to the true time, if the altitude is to take place after noon ; 
and it is equal to the complement of the true time, to 24 or 
to 12 hours, when the altitude is to take place in the morn- 
ing, or before noon. But when it is the altitude of the moon 
or a star tliat Is required, the horary angle must be calcu- 
lated in the following manner.' J , " ; ‘ 

79. First, by means of the longitude, find the time at 
tfie first meridian corresponding to the time at the place, and 
take frotot the Nautical Almanac, the sun’s right ascension. 
Add this right ascension to the time at the place, and 
subtract 24 hours from the gttpf* if necessary, and the 
result will be the right ascension of the meridiflo. The 
difference between the right ascension of the meridian and 
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the right ascension of the pooti or a star, which has been 
lealeulated §>r the instant at which the altitude-ts required, 
VriU be die horary astgleof tlie moon or the star at$he time 
proposed. Then-fmdj in tlie Nayli^ Ahnanac^ar C«t 
naissance des T|K^he declination of the moq&or star 
at the same instan'tlwom whichjty.«|istance from the^tevated 

t 3ft. .. * • & '* * i J v Vf*’ , 1 

pole is obtained. Tnie horarj^wagle, the polar distance,’ and 
the latitude, are the three necessary data for the calculation, 
which may then be jterformed in the following manner. 

8Q. Write down, first, the horary angle, and take its 
half ; below this half, write the distance of the heavenly 
body Ibotti the elevated pole ; and immediately after it the 
latitude. Then subtract the. latitude from the polar dis- 
tance, atid take the difference between the remainder and 
'90° ; 'write half this difference below. Take from tlie Tables, 

v- \ ' i , /i 

the logaritlnn cosine of half the horary angles,; write below 
it half the logarithm sine of the jmlar distance, ancthalf the 
’•logarithm cosine of the latitude ; lastly, take the arithmet- 
■ '$$££ complement of the logarithm cosine of the half differ- 
ence from 90’. The sum of these four logarithms will-he 
the logarithm sine of an auxiliary angle ; . write down the 
logarithm-cosine of this auxiliary angle, and subtract from 
it the arithmetical complement of the logarithm cosine of 
the hUf difference from 90°. The remainder will he the 
logarithm cosine of the half-sum of 90' plus the Altitude; 
double the arc which corresponds to this logarithm cosine, 
and, after having subtracted 9 from the tens and hundreds 
of th£ degrees, the remainder will be the true altitude 
required, ' ' - V ‘ 

81 . When it has been impossible to observe the altitudes of 
the heavenly bodies, the distance of which has be<?n taken, 
they may be calculated by this -method ; they serve, as W|J1 
shortly be shown, to cotredt this distance fin- effects of 're- 
fraction and parallax. An error of a minute in the ealeu- 
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kted altitude cannot have a* sensible influence cm the try® 
'distance ; the seconds mfy therefore be neglected^ in wA 
ing the calculations, and the log^rith^ipay be taken only 
to five places of deciir^s^^fThe preceding rules are applied 
to the calculation^ the latitude of a and to another of 
the majfch > n the following; examples, . y*' 

Example l ' 

On the 19th of June 1793, being in south latitude 


9 s 46' SO*, and t, l4&° 43' of east longitude ; when a wgtafe 
indicated 3 h 41' 5* - 5, it was found by observations of the 
sun’s altitudes, that the watch wffe%Q, slow byl*2l'04 f ;-8. 
It is required to firtti the altitude of Antares, when the 
time by the same watch was 6 h 8' 10'*8. Beijfc|en these two 
observations the vessel had advanced 1' toward* the north, 
and 4' in longitude towards the east.. " • v 0 ‘ 

Time brthe watch - - - ' & 8' 10*8 

* 1 % J iU if* ■ ‘ 

Watch too slow (Add) - 
time - - 


Jl 


’Tli© place 
the east 



T & ttM 
| + 16 


observation is 
or 16* of time (Ad 
True time atthejSqce of the required altitude V 30' 1"1 
Estimated time at the first meridian - 21 h 3d' 

True time at the place of the altitude - 7 h 3|Q> . ?T‘J 
Dist. from the equinox to the (•>• (subtract ) | lB 6 54 ’C 
Right ascension of tlie meridian 6* -5 

In degrees \i. - 800*: -45 3^- 
Right ascension of Antares - 5844 11 40 

Horary angle - - - 

Antarei'k ast of the meridian' - 
Lptitudn. of the place of the altitudes, S. 

Declination of Antares ' 

Distance, from the elevated pole 


:} 




43° 25' 2* 

9 44 50 
25 80S. 


.64 .m 30 
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Half the horary angle - SI" 43' cos. 
^^rdiaduice •- - {64 $' £ sine 

Latitude * /•-> < 9 J5 J cos. 

Polar distance— LadtiicLe 54 * ^ 

Difference From 90^' . " « 35 42 

Half difference from 90° 


7i 

9-96808 

4-97692 

4-90684 


-A 


-« ViV* • 

17 51 com. cos. 


„ ’ Sinetiuxiliary angle - 

Cos. otOrilhjuyaugle - 
09 ) 06 . auxiliary angle — com. cos. £ diff€#.) eos. 

-4,, i (00° '4- altitude) 

(Doubte^SO^ TauE^jJfihTfDE of the star - 


9-96322 
9-59627_ 
9-57484 
67° 5 & 
45° 5% 


■'•C 


■ 


Example ir. 


vi The^givflJ|i|jpantitie8 being the same as in the preceding 
e&ample, required,flthe altitude of the moon at* the same 
instant ‘ , 4 

Estimated time* at tlie first meridian 

** ^ ^ * > 

Right ascension of the meridian - 
Right ascension 0 the moon 
Horary angle cf’fhe <1 , to tire 'east 
Declination of* the moon 
Distance from the elevated pole 
Half the horary angle 
Polar distance - - 

Latitude y" 


SIM 

sop 46' ssr ; : , 

• - 208 7 

JWf 20 ' 22 ' 

25 OS. 

m 35 


X * 


- R - 


Polar 4i«h.— Latitude 
Differ^® from 90T- 
Half diff. froife 9ff*' - 


- 3° 

40' 

Cos. 

9-99911 

- 82 

35 

| Sin. 

4-99817 

- _£ 

45 

£ Cos. 

4-99684 

'72* 

50' 



17 

10 



8 

35 

Com. cod. 

0-00480 


- Sin. auxiliary angle - 

Cos. auxiliary angle - 
(Cob. auxiliary angle — *Com. cos £ differ.) c ob. 


9-90901 

892888 


t& altitude) ^ - 86° 10' 

(DoulSt'— 90°) true altitude of the moon 82° 20' 
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CHAPTER V. 

i 

v <1 

On, ^regulating Marine Chronometer # 9 and employing 

them in the Determination of Longh ude. i 

\ 

* 

82. The difference of longitude of any two places being 
equal to the difference of time reckoned at the same instant 
at both place% if a well regulated watch be taken on board, 
which will preserve the time at the plajk^pm which the 
vessel sails, it will show the time at the sank* place at every 
subsequent instant Observations of the sun’s ^altitude will 
also make known the time at the several pla$d£ of the 
vessel at these instants; hence it follows, that Matches may 
be Equally employed in, finding the difference of longitude 
between the place of departure and each of those' where the 
altitudes are observed, or even the absolute longitude, if it 
can be ascertained how much the M atch is too fast or too 
slow, with respect to the time at the first meridian. This 
property of maiine chronometers has given them the name 
of time-keepers. It b conceived to be impossible that a 
watch should preserve exactly the time at the place of de- 
parture ; but watch -making has l>een earned to such perfec- 
tion, that it may h& Hipjiosed, without apprehending any 
considerable eiror, that the daily variation of a watch is the 
$#me quantity. Tims, when this error is known, the watch 
may be used for ascertaining tahgitueje. The method of 
finding the quantity which a watch varies daily f&om the 
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time at the port sailed from, shall first be shown, and then 
liner of calculating the longitude. 


On reguWtkfig Marine Chronometers. 

88. The methbd of compaj-ingiSie time by a wa$£h with 
true time, or that which has been immediately concluded 
from observations, has already been, explained.’ It has 
been shown that parts of tune hrfvrag.the same deno- 
mination, were measured by equal parts erf the -equator, 
which the circle of the sun’s declination describes during 
the diurnal revolution qf the earth. Thus, hours 
always answers to t 86(T, and 1 hour to 15". The earth 
always occupies the same time in makings one revolution, 
and it$ motio^ on its axis is uniform; whence, rf the^sun 
remained immovable, or if his motion of fight ascension 
wereimiforra^^Si evident, tliat equal parts of* the equator 
would always bo passed., over by the circle of the sun’s dc- 
, cljnationdn equal times. But the changes in right ascen- 
sion are subject to the inequalities of the sun’s motion in his 
orbit, and may hht be the same ftff equal^BtpWals of time: 
from which .it follows that the subdivisible irf true time, 
having the mine denominations, ought q# to be £qual to each 

*" r . . ^ ^ >X * 

oilier. „ These inequalities arise also from this, that tlie 
equal parts of *the ecliptic, intercepted between two circles 
of declination, do not id ways differ by the same quantity, 
from the parts ol‘ t|ie|equator which are intercepted between 
the sanse circles : th$arc'of the ecliptic is greater than tliat 
of the equator, when the two circles of declination are near 
the equinoxial points ; it is, on the contrary, smaller when 
the circles of declination are near thjfsolstioes. *dt results 
from the combination erf these two causes, tliat af; certain 
times of the year, two cqqsecutive days differ from each other 
by a quantity sufficiently* sensible : and as their incYeasc or 
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decrdlfe operates ffograsisivefy, it follows that the hoursof 
^(ttte tulie are not equal to each other : the 1 same for mmntfo 
ind seconds. At the end of December, the true daysdiflin- * 
by naif a minute ; bikfifjh* gi^^jwxt of the year 
foe differenceore much lets,’ and become nearly insensible 
for an hiftKal of two cyyhree hottife the reason they 
were' notiG&nded % m ! calculating<foe l&lsy'. angle of a 
heavenly 1»6dy,' and; the thn^ which ought '%» be given at 
nooil by aWatebfoait has, tW^ft compared with true time . in 
the morning or evening. *» But it is not the same when mjfr 
required to regulate a marine Chronometer intended to 'give 
foe longitude. .<.<0 ■ 

64. The mechanism of watches has been so coik&fced as 
forgive to foe wheels, and consequently to ^foe ‘hands, a 
motion as uniform as possible; these hands ought, 
fore, to describe on the dial-plate equal angles in e<|um 
times. HI comparison of the titne giveii by a tK$tch with 
true time, the Corresponding intervals of whid^pK^'miequal, 
is therefore not proper to gyve an idea of ‘foe.*^^(|ity-®f 
its movements. Astronomers who refer the positions of all 
th^ieavenly»ht^ies to those of the fixed stars. Compare the 
motions of qln^-^d watches to a uniform Spption taken 
immediately and for this purpose foey make use 
of sideral time. A sideral day is the interval of time -Which 
elapses between the passage of a star ate* the ineridian and 
.its return H# the same meridian. The stars beitig fixed, and 
the motion of tlie earth on its axS^iAj^rm, the circles of 
declination of the stars ought, to dtesejjbe, on the equator, 
equal arcs in equal times. The hours of sideral time, as 
well as their subdivisions, are all equal to each other, and 
may therefore he used in ascertaining the regularity of foe 
motions|pf a clock oria watch. 

65. Mariners make most of their’ observations oh the suh; 
and when foey observe the other heavenly bodies, foey refer 
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t&eir .portions to that of the sub, : ^ ■ am tfeljielmft 
tfMged.to compare the motions of marine chronometaips wsS^ 
another uniform motion*. whfeh approaches nearer the 
real notion, by of the Ws%e- 

•lination passes over* m# equaip*^ md£ou is purely 

artificial, and deep nbt *ewat in.jifeur^ bijt kmMem ob- 


tained by a y% ingenuous, h; 
that a circle o 

sun from the priint^whgre lie commences his. motion, marred 
fel&rmly over the equator, and passed over its whole cir- 
cuinferenee in the same timers -the sun described, the eclip- 
tic. ihis imaginary circle of. declination ought to advance 
on tha, equator each day, , in. proceeding from west to east, 
through a space equaHo S9' 8 " ; but the quantity which Jhe 
SMftjP circle of declination really* advances is also, known ; 



It- supposed 

swno tkne as the 


with 


respect to, 
likewise. 



which is d< 


tnegtposition of the imaginary circle of 

one, is therefore known at ,<feiy instant : 
betwsen*thc passage of this-ckcle over any 
merid|feh^|ii^f its return to the Same meridian, wiU always 
be equal' to each other and the «|ual yjarts of the equator 
that are described in consequence of the diurnal motion, 
to the equal intervals The time 

frqKti the position whi<$1$fe|iippo8ed circle 
of dettlination ought to have on the. equator, is called mean 
time, to dis|inguish it from true time, which is immediately 
derived frofe the real ' position of the sun; mean time lias 
the advantage over Jj|ie jtinie, as it is susceptible of being 
used for verifying the movements of marine chronometers. 

86. The interval Reckoned in mean time, is equal It/ the 
arc of the eqhator comprised between the meridian of the 
place and the circle of declination of mean limey this arc, 
like that of true time, oyght to be reckoned fixing cast to 
West The 


Ween true and mean time; is equal 


to the augle farmed*by thfe real circle of the sun’s declination 
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nod that of mean t^jpSc, or that measured by the arc of 'ij^ 

, ^uata#camprised JfefetweWl thesetwo arcles ; that is, equal 
the difference befov^m .. t^c $$$ real right asoensioifand- 
h£ln«tn right ascenJ^I^, *«• ,, - 

This difference is %h$$rebiied the eqfiijEtion of timeA'The 
motion the cirde|of |^';litiatioii bCfncau time is sometimes 
quicker/ add sorn eUpesiiower| tlia^(,tlks^'^dS?ttie sun’s de- 
dication ; ^RoixwSm^ " |$bfbre, and at 

otbri'S afte'flhi!} Wt i^. i%iaef*jte' it, the equation 
of time must W kMegl to the true time which is obtained 
• diredtly from observation ; when the circle of declination of 
mean time is after that of tficyoiu, the equation of tinje is 
to he subtracted from the true time, to obtain theories- 
ponding mean time.’ , •» _ 4*,' 

T!ite s4 equation of lime generally hipheipt^fes 

every day at moon ; but in tlb.iCbnrtaissailce des Terns, 
instead of th^ etptition of time, th^feds inserted the time 
which a clock,^ &a$i» regulated mep time, 

ought to give .'at the instant of the sun’s passage' irver <gbe 
meridian *. This quantity . is denoted the title of mean 
tittle at true noon ; mid ii/gken tor every day at the instant 
of true noon at Clie. observatory at J’aritf-I^^ be easy to 
calculate it forjmy other instant, by already given 

in the first drafter, W&n the mo® is before the true 
time, the number that is found in the Cohnaissance des 
Terns is £qudl to the equation of time ;* and it’iito be added 
to the hour obtained from the calcsd&tion of the horary 
angle, when mean time is required. . -But when the mean, 
time is slower than the true, the equation of time is subtrac- 
tive; but ir this ease the mean time at true, noon is its 
Vr -1 * — — — 

* In the Nautical Alflfctyjpe, it is the equation of time that 13 given in the 
second p%j of every month, for every day'i^oon j aud which i* to be added 
to Ure time obtained from the calculation, or subtracted from k, a* ih$re dt 
^ected, in order to obtain the mean time required, Trans . . 
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cbiaplement to 12 hours ; afe to,/ 


feejriggt 


necessary to adc||i|| q|iant^;y, isfead Jfe 

that lamife'ffeh- 


tlre Coniiaissance das Terns, ixat L 
the cfifeutation of Jp& Soprajry .aisgl||^H4Ahen 1® hours jnnst 
lie subtracted from 'Ihejtg^g. has \$0. said, 

it will bie easy tofeder stand tl 
87. When *®rue^ 


■jp 


fee ansi 
ed time* is 


known, and 
required ; the pro] 1 

lime' at true noon. s ■» , 

If the mean fee he known, fe mean time at • true noon. 


is 

fede& fe the mean 


nuist^'^Sraited from it, a^ f the remainder will be the 
true tiin^^rresj^^ng ll|(,|ie same - instant. • *, ^ i*v>- 

88. j^ItitudiSf ofife smi intoixied for the regulafejU 
f4ft^0^onorti«toi^; fettiiti be takfen as »ibleto 

vertical: flail “is, when 
ven in- Table ‘Syfb. •; In. the ease 


nli 


the irfstant whetthe 

, , ( # ^ r , 

lie attains the a 


samg hemifeiiease as^the observer. 

,1 ' f?* 1 T ' ' . . ' 1 1 



latitude, and fej$C of. the altitude, will hayje^fe least pcte$ 


siblc influence ” 


ic calculated fee. 
be taken in succession? and the hour, .nfefegpa 


may 
second. 


answering; to c; 

O 


dofe ; and tlie ap- 


obscrvation writ 

~v tr -r . , &%j > m t 

parent mean altiwae ctjrretodjjaing to the mean tpc$& of tM 
observations ti§ten. The calculation of fe^horary angle 
should be performed according to the rules given in art. 75 ; 

t n ' j/ m _ 

and it will give the true time corresponding to the mean 
time by the wa|ch. The mean time at true noon, taken 
from the Coniiaissance des Terns for the nearest pep|$l at, 
the first meridian, must be added to thwgfee time, aM the 
corresponding mean time be obtained ; or if the Nautl 
cal Almanac, be used, tile equation of fee must be added 
or subtracted as it is preceded by the sign rf- or from 
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whicbit will be 


the gain or loss of the w«ri 

'jvith respect to ngean tipe, <ja£ the instants in whit^i tige* 
obsett|Srtion%',Were m#de.; * . 

Suppose that several Jhe^first qbservatiopshad 

been 




mean time correspond- 
l- k't of observations must be 

of the 
time of this 






w ' t^ ^ere ft 

mg ~ ^ 

calcu 

witch may be 
second set-,® 

If fee* 1 gate or loss of' the watch* found from the second 
series of observations, is 'the same as, that ibunjd from the 
first, it will be a proof that the watcK has eKRCtfy kept 
, apeftp time during, the interval. r Bpt if the gam from the 
mntd observations be, greater than that fropi the first, the 
.jgaotion pC.^he.watch Iks been quickerHhan that tif mean 
time; akd'feed ifference^ pf die two quantities gained will 
be the gtm af the w^tch du r ing'^ ’interval. If fee gain 
from the seooncl series of observations had been less than 
that from the first, the watph would have lost in the interval. 
Ao uantity equal to fee difference of the two gains, as deter- 
• j *-*‘ 1 from the calculations of the 



Jes. In the 

cate in which the wat(J h may lx; fopndif^he slower thaw 
mean time, ah' increase in the loss .as found from the first, 
would indicate feat fee watch has lost between the two 
*#pochs.£t fliich the obscrvati«*^|iferfe niadet a diminution 
in the loss would show, on the contrary, tliai the watcli had 
gained with respect to mean tips, ^sWhcn fee gain or loss 
of -fee watch in the interval between the observations is 
known, the gain or loss in 94 hours may 1$P found in the 
follqvfiog manner. This last quantity is what is called the 
diunkr variation®!’ the watch, or more simply its rate. 
This’ proportion will give fee rate or diurnal variation, viz. 
as the interval between the observations is to 24 hours, so 
is fee gain or loss in that interval to the diurnal variation ; 
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• s'x 


on regulating marine chroNimietees. 83 
tick will bo^obtained by .muMplyusg tWiecond andjtirird 
together, and dmdujgg'tiie Jtf£&uct»ty #0? first 
The following, is ap^xiptnple,?* 


Iti^^jeritial tij remark, ^ 


dife’ calculation of the 


horary -angle, die second^d^^a degree must be urc$, and 

.1 mL 1 „»J1 ifei’.'tiife .llfi _j_JM_u.il j j 


the proportional,, 
trigonometric; 


e logarilhnis of the 


ts' takcd, '^rot 

’ Vigj&faoitK jNp thet^eotoSKm. 

; " r t iW&t **> * - 

On the 29th of March 1793, ingiW harbour ^Tonga- 
taboo, in 21° T 35' Southflatitude, 177° 33' ll' \^est Ion- 
gitude, d|6, alt/tiides bf the sun’s lower limb were^ taken in 
the mori|j3j§. Tl^raea^ tinjj^-Vas 7“ 34' 28''82, 'and the 
mean altitude of fhe surfs centre 1 9 7 23' f?F-4. The c 
speeding true timers fo'fiie calculittcfl ;by arf. 75, -^ndHtbe 
ab^hi4e*gain or' Ioi& 4rateh, *wilh nfdfiL 

• it i *?> . . , : L „ . * \k 

time, deduced mnn it ha t|i^'loUowalg inanper : * 

~r *v„ / *T'. i. *' ' -wh « 


f &f 0'-89 
4 54 -23 


turns 


Trhethne ofjthe 

; . * yv l ° # ,tr* t , T 

Meap time at true noon 
Mean time of the observations 
Time by "the wa^pj# 

The 29th of 






7 1 * .33' 55"-12 
- 7 84 'gg^ 

yat 7 h £, the watch was 1 m . 0 , %a*.» A 
before mean tirrife - - - A- ', ' 

In the morning of April 7th, # bein^ at the' same place, 
a second series ft oftservatjpnis ^were taken, Th^ rnean time 
by the watch, was 7 11 57' 3*^88, ,and the apparent altitude of 


the sun’s centre was 2^° 2(j' 20". The operation is to be 
performed in the same flaanrier as for the former observation. 




True time of the observations - 
.Mean time at trtie noon 
Mean time of die observations 
Hour by the watch z , ~ 

The 7th of April at 7 h 53’, or the 6th at i 
„ 19 h 53', the watch was too fast with re- g 0 1 * 
spect to mean time 

G 2 


7 h 53' 3l'-32 
0 __- JJL 0 -98 

7 57 S -23 


J 


T 20 -93 
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The <fth of April^U &»teh too fast by O'* V 

f 9fr4l9dui|ifo£, aiW too fast by 
In fiineji$ly$ the wft&b ha djg ||hed 


In 24 hours 


* 4ft*" 


C 


0 

O' 



*% 


. f. 


23 

$■24 


89. Wi«^)e i^s|$fc adaptor, at^J*e borieon is not 
bounded W^it^"^sjw^e< 3 ^^< 3 «latiiig the 

d«|mal fifeatK o^rd#! with a sex- 

tant or a r^ftec$feg circle. The 6bse$^t§feis should Ik made 
near the (Hinfc passage over the' prune vertical, or near the 
instant of Ins greatest azimuth;** and, the latitude . of the 
anchorage toay be obtained 4ith a sufficient ’^egrne.of tftccu- 
jjpqp * But notwithstanding *dl thfese precautions, there is 
EtOJ^eason to apprthciM|an error 1 of 8 or-d, seconds m the 
tixpe; gad sev^ sometimes an.srsrror a little greater The 
S^serva-tsw^hould not therefore be hnutedto a singly series 
of six altjtutji^sas is generally done oft sea. It will bet- 
ter to observe %iree of four genes; and then it 'full be p*»- 
bable that the mean gain or loss of the watch derived from 
all, these, will have a precision of 2 or S'. The gajn or loss 
same natch ltoif&M? interval of the observations may 
therefore lie afiected with mi erun doublpufrlhc'so quantities, 


that is, of >" oi 6’ , tlus eiror will tale place when the errors 
of the fust and second days of obsprtvfion Jmvp then gicatest 
values, andf,ect in a conti ary uprise In hliis ease, the 
interval betwee^i the obseiv j*io4it Should exceed 6 days, that 
the probable error nf the dimnal variation may be less than 
a second, fetich an crior is considerable; the** following 
means of (attenuating it mould not be neglected 

90. IjUtas been vcmaiked, tliat the same Observer mea- 
sures ml tlie altitudes cither a little too great or a little 
loo small, the otters arising ftom tins defect of sight, 
would therefore take place m the* same sense m all the alti- 
tudes, but those ctiois, vvhwh will influence the time calcu- 
lated from obsci v ationw taken in the moimng in ont dncctiot^ 
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. have an influence in a 1 




led. from those taken inv 
wjjl consequently 

the morning, withftlve rf 
evening* hence $)& is » 


results 

results from i 


tiler " the 
and the 
tli ea#h 


other* ihe pi — - — r — 

this maimer will not be ma^e flian at the end s 

of 6 days, w^^i^y concli^ that |he diulhal v&jation has ;i > 
been ol)t^||ed tcMbarly half a secotkt "A greate^; degree $f 
precision may eyjes^be betaking a mean hetjgjifc 

the diurnal varial*0fl8 wl|l^ result^.t>m observations 
in tlie mornings and that wlxi^ 

th<ST evening. The contrapr^ill ^he place , ^OTFW^pect i0* 
tbe ali^lute gainAr loss df the '^atch^.^djte^fe $Jay of the 
obs^^ation^ tttfiieh, n^rcll as the digirnal vJtotiori, should 
bemused in calculating the longitude: uthe fhonn between the 
result from.,the observations of th^^e^ing, ^tnd Oja* frpie 
those of the''*^fl|in^, must be Then the 

which axe of nature as to act in opp^fitc ways.htt 

these two results,' *wR only influence the gain Or loss of the 
watch by half ^srdifle^iuk 3 . S 

91* Wfam file hor^^jf/^ie s6a. cannot ijff^een, the 
observations must he imuK W ‘'land. The djtst means un- 
doubtedly is, to take thp^ahi lodes w ith the Repeating circle 
furbished with a level, %e description and use of which has 
been given by ^1. Biot* at page 271} of the first volume of 
his Treatise on '‘Physical Astronomy, in such a as 

to leave nothing to he dosirod. But tf^^ject of ills wofk 
is to show the use that may be made' of reflecting in* 
stnuneiits ; and we shall therefore describe a new instru* 
ugcut propet for observing the altitudes of the sun, when thtj 
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on bECtjIating 
horizon of the Sesujpt; 
then to be ;lT] 

a'ronal 


le. An artificial 
cipal piece in this instrunfteht^s 
a'%rtt£s frame, sustained by. ttaf^e 
screw feet, the useof wk*0'$Pte jdaceJ&6 glass ^^hori- 
zontal position. The imefer this glass ts unpo- 

lished and blocked, so that thfhhage sun can only 

be reflected th% - upper ,|Hrface/ frhich ^Sfemld||fe carefully 

jpolishe^^mJi fin ^acttj^me ; fljf thit^means, the errors 
hat might >ttris£%rt>Bi a defeat ®f psM^fiism in the. two sur- 
faces are avoided. , The artificial horizon, suchafe here 


described, should be placed on a very firm table or on the 
.ground?; then an air level is to be laid on«$he upper 
surface of the glass, and the feet screws turned to level the 
instrument. When thehubble rests in the middle of the 
tube, hi all positions of the level, tine surface of the glass ip in 
•a horizontal plane. 


Let it no#', be supposed, that the direct rays of |^|un 
fall upon the glass ; they will he reflected so that the little 
of incidence will be ctpSf . to the angle of reflection ; ahd, 
since the surface of the ^lass is in a horizontal (.plane, each 
of. these angles will fee equal to the suriVlltitude. The 
image that arrives at the eye by the refleefed rays wiU appear 
to be depressed below the horizontal plane, by a quantity 
equal to the elevation of the direct image. ’/.Thus the angle 
formed at the eye of the observer, by the ranis' which proceed, 
on the one part from the reflected image in the glass, and 
from the direct image on the Other, will be double his 
altitude. This angle may be measured with a reflecting 
instrument, by taking^tlie distance from the direct to the 
reflectod image ; tliat is, by making the image reflected by 
the grlkt mirror pf the instrument, and that reflected by the 
artificial horizon, coincide in the field of the, telescope. If 
the nearest edges of these two images lie brought into con- 
tact, they will give double the altitude of the sun’s lofl^r 
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and if their most 




double the altitude of§ 
ained, The nearest and 
fore h»sfli>served,|ltfea.telj^ ,ti 
of the sun’s centf e mu wiydirec 
sum of an even np$$ier of '» 

IT s sWjfpT 

of the oMpii^lHp. 
meridian, and Vth«f»eric8£tri altit 
an artificial horizontal# as <r , wn 

instrument are double of, the altitudes,;’ its u# is limited. 
The artificial horizon wityAot answer whet* the altitude of 
the sun exceeds 6ST, for reflecting instruments capnot obtain 
the measure of angles ptore than 1$6 degrees. ; ,f 


app£jj>ent 

obtained, by dividing the 
es % double the number 
near the' 
ed with 
with this 


ana 



1 1 "t 



US. Marine chronometers, as already remarked, preserve 
such a regularity in their* movements, that these maybe 
considered as uniform during a certain lapse of time, with- 
out apprehending any material '-error. It amounts to 
the same to suppose that the diurnal variation at the place 
of departure remains always the same during the voyage, 
which immediately succeeds the epoch at whitih the observa- 
tions had been made. When it is wished that the rate of 
a chronometer or watch should vary as little as possible from 
this supposition, the greate&ht care should be taken that u 
do not experience any sudden jerks, or i vert any strange 
motion that might alter the duration of die oscillations of the 
balance by which its movements flue regulated. The first 
rule therefore vthieh ought to be observed, is never tfep carry it 
about one. It lias been observed, lliat 'a chronometer which 
had been regulated, while suspended .crucially, changed its 
rale when it was plaokl in a horizontal position ; hence the 
vkronemeter should be* kept in tlie same jxisition as it was 
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diuma^. ya mt iit^. was observed. The conp^qb' 
in & box or case, which 

the 

to $jfci<$3i>equent and sudden 
It ^dld.alM^-best. to place iff 
tsnbrtfonioight 



'•practice Is to gja< 
i rCBBsStrin a 
sh< 

sun neven; penetrate, id 
changes of temperatujjp. 
near the cimfetooi'motionjrf th ^ ^ 

have thefejetwt jiasSslble up&ence «m ' this Jsnojfements of the 
balance, in altitudes- $r’ (bsUdf^ee, a good seconds 

watch m&y bit Ue‘^ Vhich has been compared witb^feiMfchro- 
nonxcter before the Observations aje'made; and the compa- 
rison will 4p.ve the time by that wafeh wfiich ou^ht to'cwv 
Jgsppmf to the ineaii. t^fee, ^ the ofeeJ^rationsj^vA. second 
■ n* — s__: — 1 — u -» «ft< 5 r <&e*«bservations arc 

ifcj&e rate of -the seconds* watch Jias 
luring t heir iiSout^iuancc. Whenovnr.^11 these 
^•e been attended to,’ it may l>e,conc| 




. v 



rison should . 
to ascert 

een af 
precaution 

the movenieribFof da; watches have been as 
possible, and expec^ that tlie longitude will 1 
within the limits of that precision whichthe saf|$y of navi- 
g^ionrequires. t 

fe. When, tli^ ^hbaold^iain or loss ofitwdfoh with regard 
to mean time at anyplace is known, 0 ^ i its diurnal valua- 
tion, it is very eaSy, ip deduce its absolute jg&in or loss in 
reference to. the same species of d^J*t the Juge placed lor 
any period subsequent to that afewhich the. watch w$ib regu- 
lated. Suppo^ ( that a series ufo oWbftvations gn,, the sun’s 
altitdde liad been made at sea, for obtaining th^longitudo4% 
a miirine du onometcr t * the absolute gain or loss of tlie 
, cKrqnornetcr, with respect to mean time at place where 
it was jugulated, i nhy be calculated by the following rules. 

. If the chronometer was before mean time," and it is 
known to gaiti a certain number Of seconds every day ; add 
to the absolute gain the product of this numhpr of seconds 
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was regulated, 
corresponding 
In theiilwe i 
be added to fts 
by die daysatid 
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'fer tile number of days and o|gA 4^betwee^ Ate two 

apa^s bf die observations^ If** 

'Vanati^n is' a ioss^ this px^di^t 
~ at ti^_ 
fe A tepiain< 


W% 
btractdl4«Wsa : 'l2® 



if *, y|| 

ebrotibmeter 
ill be the absolute gain 


|ieter is too/jjRhfy there must 


UHfiuItiplied 


4ts <3ii 


tween tlie two 


lay^ _ (iii . . 

epocWMof the observfdicms : on the product of 

the diuhtal gajn by tli^|ptarab^|^aC4a^ aftd "^Ips niiast be 


„ X fifr XT' ' , 

from the absolute loss ; and we 


absolute libs of the^hronomteer, 
at the place wK^ififcas.reguj 


^ The ttbaolute gain, must 
ittfean ikhecorresixteding toAhe’jiwnn altitui 
ifeiosa added tojHhte same time; and 
l^b&yaean tiiMe tjritt&iould bereekme!di$tli‘e place where 


have the 
1$ respect to mraretipiefc 
’^jthe required iteo^*' 
hr subtJtacted tfrom die 

,<AkfoSS’! * V# 

;|felse i§t& 
will beob- 


fionieter was regulated, 


‘instant of observing 


the horary angle. Add to or subtract (art. 87) frpm this, the 



of the horary angle will give the tr^f time at tlie vessel ; 
the ;dilFereB(p|;of these twp times wilf;|te equal to the differ- 
ence of lpH^ude .the place of the vessel and tliat 

wher^the chronometer teas regulated ; which ntey be reduced 
into degft^p by fhe i^iown rules. The ycggscl will be to the 
lt bttet of thfe'^lacii, if the .time resulting from the caknlatmn of 
tlie horary angle is the greater ; and on the west of it, when 
this time istM? Idss. Then add the difference of Ajotigltudc 
to that of -the place where the chronometer was reflated’, or 
subtract it from it, according as the vessel is on the east or 
west of that meridian ; and the longitude of the vessel will 
Jbe obtained, reckoned from the first, meridian. When the 
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I* 

chronometer has beemipgulated for the first meridian, the 
difference between the trWtime obtained by the chronometer, 
and that resulting from die calculation of the horary angle, 
gives the longitude of die vessel directly. i » 

Example* 

. * ' 

On the 15th of April 17911, tong ip Soufk latitude 
19 51' 20", and ffj7° 40' East longj$dc*fcy accmmt ; that 
is, 8 days after/ the last observations made at Tongataboo 
fpr regulating the marine chronometer (see the ex. alt 88) ; 
the altitudes of the sun’s lower limb was observed, at about 
2 h 46' after noon, in older to obtain the longitude by the 
chronometer. The elevatipn of the oje above the surface of 
die sea was 20J feet. The longitude of the harbour of Ton- 
gataboo is 177 38' 1*" West. 

It would be useless to enter into the detail of the ealeu 
tion of this example; all the given quantities that should 
be employed will be found in the following specimen* iuthe 
order the most convenient and proper for facilitating the 
operations; this will he sufficient to show the manner in 
which all other calculations of the same kind should lie 
performed. 

JjprinWt, 1793 

Latitude by account, S - - - 1 9" 51' 20 

Longitude by account, E. - 167 40 0 

Sum of the observed alK of the©. - 283 56 40 

Mean altitude of the ©. - - 38 59 26 

Elevation of the eye 20£ feet. Depression — 4 24 
Remainder - - 38 55 2 

Semhdianicter of the 0 . - 15 57 

39 10 59 

Rt fraction — parallax — 1 6 

True altitude of the 0 \> centre * 89 9 53 
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Watch before mean time at Tbngutaboo, \ 


>1 

'l 

the 7th of April, at 7 b 53'* i 

■ d 

V 

20"-93 

to art 88) * - - - -) 




Daily advance + 5^4 ; m 8*3 jfa&b - 

" 

r ,+ 

43 49 

Watch before m&0 time, at Tongataboo, ) 

0 

2 

4 ’4 2 

15th April ■ \ i - -1 

Time at fflfe fitaf4fteridter», the 14jth April , 

*4 

88 

0 

Declination of th#kij*» N. - * - **' 

SP 

53' 

15' 

Distance from the elevated pole - 

i 

inn 

53 

15 

tw ( 

Longitude of tlie island of Panghainiodoo, 

in the harbour 

of Tongataboo, the place where tlie chronometer was 

regulated, 




. 177° 

33' 

14' 

• In rim* - 

ll h 

50' 

13“ 

1* 


0 

2$ 

ID 


*f> 

* d 

23 

57 

Times by the chronometer* - * i 

0 

24 

42 

0 

25 

21 


0 

26 

58 

w 

0 

27 

42 


151 

59 

Mean time - 

0 

25 

19 83 

Time by the chronometer, at the mo- 1 

s 

38 

8 17 

ment of comparison. AM - - ) 




Sum - 

4 

3 

28 

Time by the seconds watch Subtrait 

0 

15 

0 

Time by the marine chronometer 

3 

48 

28 

Before mean tjnp at Tongataboo Subtract 

0 

_2 

4*42 

Mean time at Tongataboo - 

3 


23 58 

Mean time at,, true noon. Subtrait 

11 

59 

56 47 

True tune at Tongataboo ... 

3 

46 

27 11 
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Latitude^,- f - 4&-’ ^ SO Com. cos. - 002061 

Polar dibtancc * A - D9 53 10 Com. sin.. »- -0 QP64&7# 


Sum - y ** 158 4i$Q- 


**. + 


Half tram * - 79 27 lO - - - 9-2685599 

Half sum— - alt. of© 40 17 20 siiy- ' r J)-8 1 066 38 

‘ # So**- w> ,* f - * C fi' #.1003381 
ft* Half sum ‘-i* 9.55S1690 

■M-SZ£%?‘ rrx 

tn tfiemvrnmg^mkefhc^ Tfrue tittle at 1 ^ og»g(y" 

comp, to 12 hours - J tlie vessel i *fc 

' True lime ^^Pgataboo v V 3 4(f 27 7 

When th( time at y 1 * 

vessel is$fe great c rdv, totheWtest^fw 0 58*57 47 
it is to%£ East - 3 ToBg«rfi£boo 3 

r In degrees - 44^<2T ^ ! 

Jxmgitiule of Tongataboo W. T77 83 , 
Subtract from 300", « ‘ ’’ *1 

10, 1T« ’ 

ver exctech 18Q J *»* i \ 

FoNc.itcoEof !jhe vessel, Eytsf 167* 4*2 19 


9! It ought to be remarked, that in drder fcp obtain the 
absolute gain or Joss df the chvo«iantc4cn lor cvtevjy day* with 
respect to mean time, at the place where it \\%h regulated, the 
diurnal variation of the chronometer ^ust *t>c ,^es^i\e)y 
either added to or subtracted hum, the g&fat &£ i<jss found 
from thti'dbservathms. The quantity which should be added 
or subtracted daily is theiefore the sum of all the diurnal 
variations erf the preceding days From the moment that the 
movement of the chronometer experiences a, change, die 
diurnal variation employed is affected with an error, which 
hfi a daily iuf^uciuf «, espial toffs whole value* on the longi-^ 
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tude derived from die time ‘kept "ml die chrom 
dp end of a certain time, the errojrs^Fipnpitj* 
d^ ?u«..of all ^o «!Tc*is j& l|agitu% p»erved during^ the 
precedi^ days. - ^follows ‘fror? that m&rme chrono- 
gjg£#riyh precision die differepee§ !, of longi- 
observations ligVe been made at 
ac|f father, yj&fy tni* reason, they are 
>8t success in tM^'^nltruction of 
,-* they show t j|f||^ tive jiosi- 

charts/ 



precei 

metra-scanenly 
tude of the 
epochs.w 
employed ■with 
marine, charts? 

tkms in^ongitudeqjf all the pltes i' 

But when they ^ftwcdrlbp the 1 edarnri 
gation ; thatt is, tor ‘calculating the distance of ther potato 
which th^fessel ^sailing, ifc^onld be impruden? to 
wholly upon them^and it is-n^^ttif^ compare j}ie 1 
•chrenomet^wth those 



n .* . 

ornavi- 


tebd from 
•gun and 



tudps obtained by <* 

observations oft the distaitoSs of thpjjpocrn front$|p r 
the J stik'^:llt^^ast ought always to be withij£*tftE, limits of 
precisfon,and axe very proper -f&r ascertaining 
Chronometers preserve the same regularity in their 
mSBveinents, and whether tlie lorigitudfes^obtained by tbeth can 
be dcpendod'l&piiriyyritbout exporingeflic safety bf the vessel. 

95. The atetbodpf obtainiugd|n^tade* by marine chn*. , 
nometers, is p^iaps, tl^t wiiicb lias attributed the most 
hvitetetapliy and g&igrapby- To be 
dy necessary to glance , at the 
astxon<M^k.d obe^r^tkjnl^publisbed in a series, of relations 
of long French and Englid^ that havelbeen 


jScdK J^rench and Englid^ thqt havelbeen 
j made sirm'the first voyage of Captain Cook : be 

seen what .advi^tagejtias been derived fronfe’the^T^jSut it 
cannot be conceded that those chrononj^ters, of' suclr gMt*- 
rally acknowledged utility, may suddei&y experiehee .de- 
rangements, awl without oui’ being able to assign the cause, 
tlre rinisequenees of which ipay prove fatal, if tlic otlier 
means which nautical - astronomy furnishes for determining 


to the progi^ 
convinced of Ibis, it 
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th^'^S^t^n of the v^sel^/be neglected. It is therefore impost* 
sil&e,*tna it .would even * ^angerous to endeavour to estima^i 
the errors with whic^, the longitudes from chronometers may 
be affected atthe end dfa pertain time. The regularity of 
most of t|W. chronometers ndw in use otttyjjerves to confirm 
their general u^Jity : there ought, /.hawev«ag‘ to be' no Jiesi- 
tation in sayingY that we eaunot cq^Jpare a’ wateH*>with itself. 
Though all p^fcibilities^lte in favoq|^Vchronometers that 
have been dare not yet asiert that afclironometer, 

'the rate Men regular, will preserve that 

regularity b§ lrKrijdri, which the greater dr less humidity of 
the atmosjtfiere, dr different degrees of extreme temperature, 
may cause it to lose. And,Ytherefore, , the necessity of veri- 
tying the longitudes bbta&icdby mejmstff chronometers, 
by observations of the distances of the 'moon from the sun 

* ’ '‘'j'SjV' < $£jd> a "' f / . 

and the stars* cannot be too miK?|l,insisted iqiU' * ^ 
Marine^clirononieters whose rates have t j^||\tt$(i<Noer* 
tabled, have generally given the longitudefb about half a 
degree, at the end of a voyage of three months, ’rfejd^o- 
nometer, No. 14 , of M, Louis Bcrthoud , which was usdd 
during the yoyage iiLJRear- Admiral D'Entrecasteaux, has 
always given the lon^&dte' of the vessel to about a quarter 
of a degree, even at the termination of a Voyage of more 
than three months, hut this astonishing piggeision, which 
ought <in reality to be attributed 'in a - great measure to the 
regularity of its movements, may also htye4riseu from some 
of the errors in longitude having beert oft|^h, .jl 'i^atUre as 
to agm$iM$te othei-s. In general, good marine ebrorid- 
meters,fskfe those that have been meiiti^n|d, preserve a 
veityfegular rate during a period of about two years, after 
being taken from the^hands of the watch-maker ; but at the 
end of that time the oil begins to thicken, and wants renew- 
ing; then the movement changes successively by a small 
quantity, and generally tends’ towards acceleration. 
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1 \ 

‘ Means of correcting the Longitudes obtained by Marine • 

. Chronometers ^ , 

96. When macipP chronometers have bm> »gbd for di- 
recting the coiu^.’of^ vessel and bnngi*j$ it to a coast, 
the observations fb&t mfflf be m^ ^during tbe stay of die 
ship at that place? c$dript be offitiy Other A^ty than that 
of ascertaining the 4ittmal variation <*f ^^’^bwiionieter, 
which should be employed in ‘‘finding . :br- kwzgiinii during 
the following passage* But if the gcc^Mt^tical ^Josition of 
some of the places At which she has touched liaslxjen deter- 
mined, theh the diurnal variation observed during a suc- 
ceeding stay in port, may serf®, in certain cases, to comet 
the longitudes of these places, and ^ceatly to increase their 
accuracy. 'Sfjpse corrections become altogether indispens- 
able when ttll^^|iunial variation has changed considerably 
m t^e interval between the observations that have been made 
for regulating the chronometer. Tlic method of calculating 
these jQOrrcctions shall now be explained 

97 Suppose it were known from Astronomical observa- 
lious, that tlie dmriiai \ ariation marine chronometer 
vas not the sam# at any place as it was at the port from 
which the ship sailed. Calculate, first, the difference of 
longitude which there ought to be 4 between the port of de- 
parture and that airbed at, with the diurnal variation 
observed upjaf^liately 4 liefoi e the commencement of the Voy- 
age ; then take ‘half the sum of the two diurnj^ vacations, 
and calculate the same difference of long&bde fSjjlftr this 
mean variation* ‘‘The result of the second calculation ^fjn.11 
be the coirected difference of longitude^ and the Quantity 
which it is greater or less than the former will be the correc- 
tion that ought to be applied to the first difference of longi- 
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jibs jtliifbrerife ss $hbuld tie used in' finding dfl iflie 
is of the other longitudes obsfcrveddtfriftg die sfcme 
voyage. It should be observed tba^' if thiitorrCction place 
i he **pprt arrittll at t# tlie east or Mest of' the^ositi«ins 
as^ignbd $$g$he calcuktioii inadewith^tyjjdiuwial v«rii)S6h 
of, the port of,dgpartare, all the other ^Bfifecdons ought to 
Ik*’" employed intne sarae^ense. ■'&*$& "" 

Search, in liable X^^bppoaite fr^t^hiber which ex- 
jesses thafe;^% dfys elapsed sm&^^e cdiftaioraeter into 
■“ ‘ • 'ngothej. number.* entitled, MiMpk of 

k ; then,, by- meaas. bf logarithms, di- 


•Urst re 
wM S<rond 

vide the (correction of the longitude at the nlace^amved at 
by this number, and it will give the second cuffeikfece of the 
corrections of all the Ifm^tuieV observed jflnng the voyage. 
The conycbon of othsrlongi tucks wiH- be found by multi- 
plying tliis second difference by the multijde $$responding 
to the number oJ days elapsed from the timfe'flteeHWH^pinder 
was regulated, to the time when the longitbd£,‘ tor wJSkh 
the correction is to be calculated, was observed, 
julcs shall Ik* illustiated by an example. 


tixAMn i. 


It has been found in the Ex>. art. h8, that the diurnal 
gam of the chronometer, No. 1 1, at TongaUboo, was 
-f- 5 *2 1 ; the Cth of April 1 7118, at 1 9** r *4‘4', the last 
clay of the observations, the chronometer v^as befrre; mean 
time at Tpogataboo, 0 1' 20’ 9d- llavatgsalliijd from tt$i 
■last plaCe to the harbour of Hallada, and .blade a fresh series 
of observations h>r ascertaining the diurnal ‘ Variation of the 
same chronometer; it was found + 8” *56. The 22d of 
April, die first day of the observations at llallada, the chro- 
nometer was before mean time at tins port l h 24' 23**7I. 






c«af. v. 0BT4nd»> fir sfr 

Dknml variation fotrodpt Tongataboo^ 

Diurnal variation of Ballada r ** - 

^ • * i» “Snm - 18**80 

HaH*«nft. Mean diurnal variation % ’‘“a +®*9 

Difference in longitude "between the har,"\ $p%* 
hour of Teng^iaboo and that of Bahi* ^ 
lada,' by tMe'ffest diurnal tfjs ^ 

+ 5*-a* - -w, . .*#* 

Difference inlmigittidehy the mean vagi* 

The difference tf longitude ought - - T>v ^ 

diminished, and, die harbour of BaUM^ 40 6' 

to he more to the east by - * } 

' 

Required the correction of dWtagitude observed on the 
17th of April, at *P 34'. ^ ^ ^ 

Correction of die longitude pf Bah- T i„„ 'Vo.Rn«r 
6' 3#, or 399 " ) g ’ \ 

Multiple fintn ^eble XI, <*>rres- * 
popding to 1C days - - 136 / Com P lo S 7 866 ^ 

\ Constant log. 0*46743 

r ‘i“dty. 6A ' >fApnl U ‘ C 17 *’}»*> ,lu ft le »logAsim 

Sum - g.28697 

Correction i#|ongitude*on the 17th of Apnl' - 3' 14" 


The correction of the .longitude on the 17th» ought to 
cause th^situation of the place of observation to be more to 
jjieea^touse^hat Ballada should also be iajfog east 
ijfr the position oalcbiated from the diurnal ^aira^^roimd 
at Tongatahslw^**. '* 

The correction of longitude may be* i^culated for other 
days of the same voyage, by adding to the constant loga- 
rithm, the logarithm of the multiple from Table XI, which 
answers to the number of days elapsed from the 6tli of 
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•ttyj 

A|M}'tothe time when the longitude, to be corrected yt&s 
observed 

98. This correction of longitudes observed at the end of a 
long voj^age is indispe^j^blc, during which the diurnal vari- 
ation lias experienced changes. The corrections of the 
longitudes near the commencement of the voyage will always 
be very small, and consequently less necessary ; but those 
observed at the middle of a long voyage anust be very uu- 
certain, and tlie positions fixed by them hut little suscepti- 
ble of correction except from the results obtained from 
distances. Suppose that after a voyage of three months, it 
was ascertained that the diurnal variation of the chronometer 
had changed several seconds ; then the corrected longitudes 
of die first and last month, , may be considered as approach- 
ing near the true longitudes, but those of the second month 
must always be regarded as uncertain. 



- ‘ CHAPTER VI. * 

/ 

I t 

On finding the Longitude by the DUicmCti# tofjhe Moan 
from the Sun and the Star#. „ 

09. The method of the distances of the moon from the 
sun ami the stars is generally allowed to he the best of all tho#e 
that eon l>e employed for finding the longitude at sea, *It 
has already been said, that it ought to be used ffar verifying 
the longitudes obtained by the use of marine chronometers* 
and that there is not any oilier means of establishing the regu- 
larity of their movements * it mav therefore be regarded as 
that which has given us the solution of the problem of lon- 
gitudes, with which all the learned astronomers of Europe 
were so long occupied. "File accuracy of the results ob- 
tained by the method of distances, depends upon the preci- 
sion with which the position that the moon ought to 
occupy m the heavens at any instant can lie ascertained. 
The slow progress which this method at first made 
should he attributed to the complicated nature of the theory 
of the lunar motions, and the difficulties winch astronomers 
lijul always t~ pneounter when they wished to calculate her 
mequalUcs. Tobias Mayer , In the assistance of this theory 
and observations, constructed table* which have served to 
predict the moon's place with a degree of accuracy sufficient 
for the -safety of navigation. Since their publication, the 
distances of the moon from the sun and some of the pi inc*i- 
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pttlfetan have been inserted in all the ^bemera^HHnd 
navigator*, having been node acquainted with the utility 


But, notwithstanding the great care and pains that were 
taken to periled these tables, their precision still left some- 
thing to be desired. In short, M. Laplace, in submitting 
the lunar motionsto the cakulationsof analysis, discovered 
irregularities in them which, till then, had escaped all in- 
vestigation, «®d obtained the means of giving to the 
method of thf^ces the greatest degree of preririen of 
slfeich it is susceptible. With the assistance of Dekmhre'x 
solar tables, and the tables of the moon calculated by M* 
B&rgi from the theory of Laplace, both of which have been 
published by the Bureau des longitudes, it is possible to 
predict the dhtances, and tp obtain the longitudes, with a 
degree of /precision which we should not have dated to 
flatter ourselves with being able to attain, when, this me- 
thod was first brought into practice. The perfection whfeh 
artists have given to sextants, arid the invention of-'tbri' re- 
jecting circle, have also added great advantages ; in the 
actual state of tifengt, navigators can' no long*? dispense 
with employing ^j^-vattons which may make known their 
position on the ejlobe Vithin some leagues, and afford them 
the power of obtaining from marine chronometers whatever 
assistance - they are capable of affording. -W. 

300. The object of employ ing this/i:'5%lfe , ^U^ to ascer- 
tain the true distance of the moon arid the . jmS^br » star, at 
any given instant; for the purpose of dedttc^gfefpm it the 
time which, at that instant, is reckoned at thirst meridian ; 
the time -at die place -which corresponds to the same instant 
is obtained from the altitude of the sun ; these tiroes being 
thus determined, their difference reduced into degrees, is 
the longitude required. ' ■ ■< ’ 

101. JthLs been shown that the altitudes of the heavenly 
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cto fjfljip att ■ "W 

htokesappeor greatetihao they; ought toly 
of &dmtM xiefractotu the akktdtasjof iM- m# 1 

appear lessen account of their jtoaUaj^yFrom, tfc* musn 
of those two causes, it Moors, ; thgb the- ebsapvad dustaaws 
■ore not equal tv the true ones ; .-they must tbcfefrve be eo*> 
^jf t^t^Graic^k^jik Jtoj^oJle?t, when koB 

wished to obtain the toe distance, from which the time at the 

1 

first meridian may be directly concluded. It has been stated, 
art 29, that the quantity by which the anmnM altitudes 
af^e heavenly bodies are toe great fosi^W effects of re- 
fraction, and in art 33, that the quantity by which they 
appear too little on account of parallax, depend upon the 
apparent altitudes of these bodies ; thutyrto know. the .abso- 
lute values of these quantities, the abides of tbetpro 
bodies must be measured at th&saine momgpf as theuv dis- 
tance is observed, or else the method of obtaining these 
altitudes froap calculation must be iound. It is this which 
yhaH first be explained. ‘ We shall then treat of oslcu- 
latingthe true distance; but the object of this treatise being 
Jtopetrfonn all the calculations of nautical astronomy, with 
the sole assistance of die Nautical Almanac, oar the Contois* 
sance des Terns, and a table of logant^|i : to seven places, 
we shall content ourselves with giving die method which is 
generally known by the name of Bordet's: H is tip shortest 
that can be when tables of commondogarithms 

only are 

> >¥, * * r w 

0n M'fflkkoftf'qf obtainipg the JMkuks Of ihfr.bexgverily 

Bodke^fhe,. Distances of wMch have been observed. 

• ■ ■ * > 

102. Whenmeither a marine chronometer nor a seconds 
watch is employed, the observation of distances requires 
three observers : while one of them measures the distance, 
the other two should Me the altitudes; by this means, t 
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the Muifami’e anc^ the two corresponding altitudes a£e ob- 
tained by three simultaneous observations. But the dis- 
tance is that whi^^t is of the greatest importance to obtain 
with precision, because the errors by which it. may be 
affected will have a greater influence on the result than the 
errors in the 'altitudes ; each of the observers whd . pokes'’ the 
altitudes must therefore bring the body he is observing to 
the horizon, and take care to follow its movements with the 
repelling screw of the instrument, so that one of its edges 
may always be id txintact with that circle. At the instant 
tli&t he who observe# the distance has brought the limb of 
the sun or a star to coincide with the limb of the tnoon, he 
informs his two coSbjieratonf, and they reckon on their in- 
struments the tworsimultaneous altitudes. The two alti- 
tudes and the^|itance are written down separately when this 
last is taken with a sextant. Four observations imtpt be 
made in this manner, but whenever ..it can be (lone, six 
should lie taken. When the distance is observed with** 
reflecting circle, the are passed over by the index is read Off 
only at the end of the last observation, and it will give di- 
rectly the. sum of the observed distances. The tsum of the 
altitudes of eacb^^twp bodies and that of the distances being 
divided by the number of observations, will give the mean 
altitudes 'find the mean corresponding distance. , 

Example. 

The 16th of June 1793, at 1^ hour after nooa, ,jl)eing in 
South latitude ID' 1 16' 40'V and East longitude 149' by ac- 
count, six distances of the nearest limbs of the sun and 
moon were observed, and at the;s&roe instants, six altitudes 
of the lower limb of the sun, and six of the upper limb of 
the moon, .were taken, * 
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„ 'J# 

■■ 1 *' Altitudes of Ilte ©• -f AltituadtffiA’ff . 

48’ 49' * 26* 56<‘ 

48 28 , A ’ 27 27 * ■ 

48 18 ■ ■’«?' SI 

48 6 * 28 8 1 

47 S7 - *■ • 28 22 \ *• 

__47__47 __ 28 87 

Sum - - - 289 2 V Sum - - 167° 21' 

Sixth > - - - 48 14 10" Obs. alt. *„■* ■ 2T 68' 80 

t ^ ^ 

Reef, of the inst.' + 2 _0 t “ v \ f 

Obs. altitude 0. 48' 1G 7 10" - "*?' 4 

Sum of the distance^© (I . - - 500° 40' 40" 

Observed distance © S . - „ - - 83’ 26' 46” 

103. The difficulty of exactly following th^Erioticw of the 
beavefdy bodies with the repelling screw of the instrument, 
renders the altitudes taken in this* manner less susceptible of 
precision, than in those observations where the observer 
employs die altitude of a celestial object only when he is 
certain of having made a good observation. The accuracy! 
of the altitudes cannot be answered for at least within 2', 
and sometimes the errors amount to 3'x^bbse errors can 
never have a great influence upon the true di|tance; but as 
the time at the place of observation must be calculated with 
the altitude of the , jam, they may have a sensible effect upon 
the longitude,! the reason that the sun’s attitude should 
always be tak an observer well experienced in this kind 
of observations, and with a w ell rectified instrument. t 

104. When-li marine chronometer, or amply a seconds 
watch is possessed, the following method will always be pre- 
ferable. Takeoff account *bf the hour, minute and second, 
at which each observation of the distance is made ; then 
a mean distance corresponding to the* mean time may 
be obtained. A few instants before these .observations are 
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the Heavenly 


to jhe made, take one or more 
bodies of - 'which the distance is to be observed, and also an 
account c| the ^une answering to, each of these atonies. 
Immediately after observing the distances, take the ^dtudes 
of the same two bodies again ; die difference of the altitudes 
observed before and after the distance will giv^^be move- 
jnent in altitude of each body in the interval of the observa- 
tions, which is equal to the difference of the times corres- 
pondingwto these altitudes. Then take the different^ be- 
tween the time of the nr si observation of the altitudeaad the 
mean time corresponding to the mean distance, and^t will 
give a second interval ; next calculate, by proportion, tjle 
movement in altitude-whiah corresponds to it Add this 
la§t to die first dbsqrved altitude when the altitude is in- 
creasing, but., subtract it when it is ^decreasing, and the 
altitude corresponding to the mean distance will be engined. 
These rules shall be illustrated by an example. 


Example. 

On the 17th of June 1793, at 4 h ,32' in the evening, being 
in South latitude 9" 57', and 148* 50' of East longitude, the 
following obse^^j^ps of the distance between the sun and 
the moon were taken, and of the altitudes of these two bodies, 
with a seconds watch, the elevation of the eye being 20£ 
feet. 


Tirae M of the Distances. 

1* 48' 55" ‘ 
49 55 

51 $ 

52 34 

53 53 

54 51 

M 

Sum - 81T to" 
Mean l h 51' 5V.6 


Sum of the dis- ) gfp Q , 
tances 0 4.4 

Mean distance, 95" 10' 20' 
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r: :W% ISM, ' A&iWdci®. 

1st observation - f h 49'«5' - - W«1'80" 

2nd observation 1 1 54 22 •- ^ 22 

1st interval’ - 0* 4' 57* Difference tfSTSO* 

Time of the first observation - - l h 49' 83’ 

Titaetof observing the distance - - 1 51 fh 

gild interval - ■ v - - - - - 0 h 2' 26" 

1st# nter. 4f t>T:2dinter. 2' 26" : : 1 stcJtmAn alt. $$’ 30' : x. 

1st <Jhange 5n altitude - 59' 30' - - f log. - * 3-55267 

1st interval - - - - 4 57 Corii. log. 7*S2t&4 

r dnd' interval - - - - 2 26 - - % 2.16485 

* * log. ^324426 

x, or 2nd change in altitude - - 0° 29' 15* 

1st altitude © ► - - - & 32 21 30 

77i$$§ descends. Difference. Altitude © . 31” 52* 15” 

/ 

Times. * Altitudes S . 

1st observation l h 51' 2" - r _ 40° 45' 

2nd observation 1 52 34 - - 41 5 

0 h 1' 32” Difference - 0°20~ 

Time of the first observation l h 51' 2" 

Time of the distance - r - R ' - 1 51 51 

2nd interval - - - - - 0 1 ' 0' 49" 

1st inter. 1' 9$*': 2d inter. 0' 49" : : 1 st chan, in alt. 0° 20' : x. 

1st change in altitude - 0 2(y - - log. - 3-07918 

1st integral ... - 1 32 Com. log. - 8*03621 

2^d interval - - ~ - 0 49 * - log. - 1-69020 

log. - x. = 2-80559 

x t dr the second change in altitude - - 0 n 10' 39" 

1st altitude of the moon - - - 40 45" 0 

The ascends. Sum. Altitude of - 40° 55' 39 
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105. The observations may be ra$le in mis manrie* by a 
single observer ; but it would be advantageous if be who 
measures the distances had an assistant to take the altitudes, 
anil especially thoseof the sun, These last have the incon- 
venience of greatly fatiguing the sight, when the sun is not 
vfery elevated; then his reflection of fen renders »th& ! horizon 
so bright, that his light must be weakened by means of a 
coloured glass. The altitudes may be taken 7' or 8' be- 
fore and after the observation of the distance ; but it ittust 
be remaned, that the altitudes corresponding to the dis- 
tance will be susceptible of much greater accuracy when 
they arc taken nearer to the instant, at which that distance 
is observed. It is also OecCsWy that the mean time corres- 
ponding fo the meatt 'distance, should lie between the times 
corresponding to the, two observed altitudes. Whenever all 
these circumstances have licen attended to, die •ititdrfes -cal- 
culated by pro]K)rtiofial parts will have u precision nearly 
etjual to those which liaie been directly obtained from ob- 
servation. 

106. When the visual horizon is limited by land in the 
direction of one* o^he heavenly bodies of which the distance 
has been taken, and a se<*onds Watch was used, its gain or 
loss, with regard to mean time, must' lie ascertained by ob- 
serving the sun’s altitude when he answers to a point of 
the horizon where the sea appears clear. Then the alti- 
tude of the heavenly body' may be calculated* by die rules 
given in arts. 79 and 80. 

107. The difficulty experienced in observing the altitudes 
of die Stars, and even those of the moon during the night, 
has been mentioned. Errors of 5' or 6 , of which they are 
susceptible, will not have a great i»fluc*rfd? Upon the true 
distance of the moon from a star; tints, if preferred, the alti- 
tudes for correcting the distance may be observed. But, as 
an error o PW or 6' may, in some cases, occasion an error 
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in tlte SSrary angle of 8<|pf time, and even sometimes more, 
die time at the place should never be calculated with the 
altitude* of a star. To suppl y its place, the gain^or loss of 
tire watch by >hieh die time corresponding to the distances 
should be calculated froiu an observation of die sun’s alti- 
tude, majJegjeither on the evening which premies, or th4^ 
morning lljat follows the time at which the distance is taken ; 
and then, by means of the way made in longitude, the time 
at the place where the distances were observed should be 
found. In this case, the observations of the altitudes of the 
two bodies may be dispensed with ; for they, may be obtained 
with much greater accuracy from calculation than by obser- 
vation. This method was recommended by Bortlci in his 
treatise on the reflecting circle ; and it tSythat which ought 
to be practised. Articles 79 and 80, contain ^ircumstandul 
detail^elafive to the ojrerations which should be performed 
ior calculating the altitudes of the heavenly bodies. 


Calculation of the true Distance, and of the Time at the 
firet Meridian. 


108. When the altitudes correspondip^^Q the mean dis- 
tance have been obtained by the methods already explained, 
the true distance' and the time at the first meridian must lie 
calculated by the follow ing rules. An example shall first be 
given for the cave ip' which the altitudes have been pnx-ured 
directly from observation ; then the method that should be 
followed when the true altitudes of the heavenly bodies, 
corresponding to the distance, have been obtained by c^lcula- 
iation, shall be explained in a second example. 

109- First, ealcplato tb&Jtime at the first meridian corres- 
ponding to the instant of the observations, by means of the 
estimated or true time at the place, and the lopgitude by 
account; then take from the Nautical Almanacy r tbe semi- 
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diameters of the sun and moon gJifrthat instant. Jftnd, in 
Table H*tlie augmentation of the moan’s seuu-diuneter an- 
swering to her altitude, and it will give her apparent semi- 
diameter. 'J'hen find her equatorial parallax for the moment 
of the observation, and Table 111 will show*; W means of 
the latitude, the quantity which this parallax ppgfet jo bp 
diminished in older to obtain the parallax at the place of 
observation. These given quantities will serve for ascer- 
taining the apparent, distance between the centres of the, sun 
and mo@n, or the apparent distance of a star from the 
centre of the moon, aswell as tlie apparent and, true alti- 
tudes of the centres of these two bodies. 

119. When distances of the sun and moon are taken, the 
observation always<gives the distance of their nearest limbs; 
then their semi-diameters must be added to the observed 
distance* If the distance between the moon and ft star be 
taken, it gives the distance between the -star and the en- 
lightened limb of the moon, which is sometimes the nearest 
and sometimes the most distant;' it most, therefore be 
observed, in making the observation, which limb has been 
used. When the .nearest limb has been observed, the ap- 
parent semi-diameter of the foon must lie added to the 
observed distance, according to the preceding rule; but if 
the distance between the star and the most distant limb of 

the moon was observed, the moon's apparent semi-diameter 

** 

must be subtracted frpra the observed distance. The dis- 

* t * ' * " % 

tancc thus found is called the of parent distance. 

111. Then, correct the observed altitudes for the depres- 
sion of the horizon, and the semi-diameter of cither the sun 
or the moon; apd the results will be^the apparent altitudes 
of each of these bodies. Next '^d;tim^pe«W^Qns and pa- 
rallaxes which answer to these altitudes, and when corrected 
for these,, >.the true altitudes will be obtained. It is unne- 
cessary tslil^ler into greater detail relative to these correct 
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tions,smce the rules which should be followed have been 
explained In the sedttnd chapter. Those whq aite not fa- 
miliar with these operations, may have recourse ^' to 
what has there' been said on the subject The refractions of 
Table V,..Asftd those of Table VIII, ought always to be cor- 
rected accci^iitg to the elevation of the mercury ifi the baro- 
meter and thermometef, whenever the altitude of either of 
the two bodies is less than 49®. 

11SK When the true altitude of the moon’s Mitre has 
been obtained by Calculation, search first in Tame VIII, 
with this altitude instead of the apparent altitude, for ail 
approximative number, which will sometimes differ from 
that which ought to express the true parallax of the altitude 
ItesS refraction, by nearly a* minute. ' Wifb this number cal- 
culate a first apparent altitude, and then, search in the same 
table the number that corresponds to it ; this will be the 
parallax in altitude less refraction, which is to be subtracted 
from the true altitude resulting from the calculation, in 
order to obtain the apparent altitude of the moon’s centre. 

113. The apparent distance of the two bodies, their ap- 
parent altitudes, and their true aJtitud cssi» yre the five data 
with which the true distance Is to be alternated. The fol- 
lowing are the necessary rules. ’ 

Write,. in the following order; first, the apparent dis- 
tance of thejtwo heavenly bodies, then the apparent altitude 
of the sun or tfjis*9$ar, and lastly,, the apparent altitude tof 
the moon; add ''these three quantities together,* End take 
half their sum. The apparent distance and the half* sum 
bong thus known, subtract the less of these'quantiti^s from 
the greater. -Below this remainder, write the true altitude 
Of the sun of tHd ftkr 1 ,; a«ti afterwards that of the moon ; 
add these two altitude^ together, and take half their sum. 
When this preparation for the calculation has.-, teen made, 
look successively in the logarithm tables, for thlWthmetical 
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. # 

compleflaents of the logarithm' cipher 6ftb& apparent alti- 
tudes ; ' also ifilAhe same oia^ep, -ithe logarithm cosines 
of jhe half siinfiof these ^Altitudes, and of tlie . apparent ; dis- 
tance, as well as tW logarithm cosine of tlieir half difference, 
and write ..Hfiese two logarithms below the two !, arithmetical 
complements Ilford found : then write, alao dast, 

the logarithm cosines of the true altitude Add together 
( hjL' two complements and the four logarithms^ and take half 
the sum. thus obtained; from this half sum subtract the lo- 
garithmeosine of the half sum ; of the true altitude^, and the 
remainder will lje thelogtuitbm siije of an auxUjary anglp. 
riace the logarithm cosine of this auxiliary angle below the 
logarithm cosyie of hahUlie sum of the true altitudes; then 
the sum of these last two logarithms, will Ik 1 the lognritlnu 

sine of half the true distance. Double of the ooirosnonding 

' # t . i . 

arc will be tbe distance corrected lor Ule effects of refraction 

and parallax, or the -true distance witb vrhiclv the time at 
the first meridian ought to be calculated; 

Wliettthe tr^e di^ance has been , calculufa£d by this me- 
thod, it may happen that the sum <>f the apparent distance 
and tlie apparent altitude*. may he. greater than 180 ; then 
it will not bo necessary to continue the calculation, and the 
apparent distance ipay be correct odp., by first taking the dif- 
ference of the correction of the moons altitude and that of 
the altitude of the sun or star, and then subtracting lids 
difference from tlie apparent deistotuc of the two bodies. 

1 14. Search, in the Nautical Aim Amac, for the two dis- 
tanetet between winch ibe distant e resulting from the calcu- 
la lion ’is found;, write. 'these 1 k‘1ow each ollicj? then take 

their differences which will be, the change in tlie distance 

i , 1 -y , , * % 

answering to three hours. Al^'^^?ljt^p|9»rfe®ce between 

tlie calculated distance and the first irtthe tables ; and Ixaving 
the change which answers to :f hours, the interval Of rime an- 
swering te^tjus lost difference may be found by projwrtion. 



CHAP. VI. CAI.CULATJOS OF TTHK TRUE DISTANCE. Ill 

This- second interval shifted be oalculate^by log^i^jms. It 
must always be added jto {he time of diJNirst in the 

tables, and the sum will. be the required time at thef^st 
meridian. . ' , \ v ■ I M - f ■ • * 

All the operations which are to be performed, either in 
procuring 'the apparent distance and altitudes, or for obtain- 
ing the true altitudes; or, lastly, for calculating the true 
distance from which the time at the first meridian and the 
longitude are found, shall now be explained : tbtoexample 
M art 102 may be resumed, in which the altitudes and 
distances have been obtained by simultaneous observations. 

t' , ' 

Example. 

On the 16th of June 1703, at about one hour and a lialf 
after noon, being in South latitude Iff 1G' 40", and 149 of 
East longitude*, by account, six observations of the distance 
between the sun and moon* were taken, ^and six simujtane- 

4^ > , 4f 

ous altitudes of each of these two lx)die&> The 'mean dis- 
tance of tlieir nearest dfljg&ewas found to be b3 u 26' 46"; the 
mean altitude of the sun’s lower limb was 4$ 16' 10'; and 
that of the moon's upper limb 27’ 53' 3(f?" ' 

It is found, by means of the estimated lime at the place 
of observation and the longitude, by account, that the esti- 
mated time at the first meridian which coircsponds to the 
observation of the distance,. ‘is thejlfth of June at 15 h 34'. 
The semi-diameter of the sun,- taken from the, /Nautical 
Almanac, was at that instant 15' 4(>. ..The semi-diatoeter 
of die moon was 14' 54"; the small Tal)le..Il^iows (hat, .at 
27° 53" or 28^ of altitude, that there mi&i be added 7" to 
iiavtAic apparent dwOtetSk yhich will then be 15' 1": these 
last quantities should be^mploy ed in obtaining the apparent 
distance and apparent, altitudes of the centres qf the sun 
and moon. The equatorial parallax is 54' 4T,f&$£ at ,10 n of 
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misSed by^ ^ ^iaage H»re mast be 

only 54' ' -T ”• , " ■■ 

eleiraiits *a*tf the p^apwnt 

.*‘*The calc^tions of all the quad* j 
tqbe obtaiiSd in gpiyler to frnd^ibe, true * 
diPt&noe, Ibid f$Oj tbthe longitude, shall now#*! dy 

given; but, to lender the proceeding stilL^kaiW, all these 
quantities have beenpfcll«;ted into a tame jd»k& is 
joined ^Jtfhe and calculation of the time at the place 

of obgerf&tion ; guide to%wsf jrito w$£ 

to exercise therasefrfc^p. cs^cuktiag the kng^gude. from 
observed .distsnces^.^ • £».?* 

Observed dk 
Semi-diame 

, 4 . ’ ' ( 
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the limbs of the © t 83° 26' 46* 

- *;«* - ^ .* f 15 46 

Semi-diameter of tJajy^ . - - * , _ - * bgy X, 

Apparent distance of the centres of they®*' 5 . * 88\ 57' SS* 
dbecrved'^lHdes of the tWo Jfa&#nly Indies are 1 to 
for th^jfepressionof the l&soa and their serai- 
diameters, and'^.^jparent altitui&s of frbdirbentres inS be * 
obtained V 'then these akitude^ riiuifTje corrected for the 
effects ofVefraclW*%nd parallapf/ by means of the numbers , 
found in Table* and VIII, whic?i' 1ml give the true, alti- 
tudes. It is e^gen&al to attend td ®e variations which these 


last numbers experience i»s;*tWfcly to the height of the mer- 

■ •*, «> •• - ■ijsZgt «**.. . . . 


cury in die bdr^jjtep 


Ohserv esfeadtitude of 


ter, as vyill be shown- * 

rf* 48° 18*' W 


Elevation of 




' - 20i fbet. Depression 4 24 

"jjk - V 1 • ■t* 

die ©. - -A V- ..... If,, 


Apparent altitude of the © . 

Hefridipi— Parallax ■» V->; 

Thenj^aneber + 78*08 - -* 

BarometeR i ,|f 20*088 in. - * 

True altitudi^f the,©. - - - » 48° 26' f& 
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Ili falentiiripj g the distance, the pirc^tlrtkmal parti mtut 
be tolc ftw, in order to hare the logarithms ®^ 
the seconds of a degree. This hovevmjii^fa^in Surest 
measure avegded, if from the apparent distance there be 
subtracted such* a number of seconds 8^01 make the ri 
mainder contain only ®Ven tens of seconds For example, 
in this case, 83° 57'^itay be used ins%iof83 0 5T38'; 
but the 3* that hav® b<^p subtracted are,to$e written 
the distance wid^the si^%+, which indites that tSef 
ought to be added to the true distance obtifirtlsd by the cal- 
culation. Subtract from the apparent altitude** in’ the «rne 
manner, the number, of seconds necessary' to make them 
contain only tens-of seconds, or else add this number to 
complete them. These small chang§» should always be made 
in such a ‘ manner mat the «*h«’ 5?' of the mm of 


seconds of the sum of 
the distance and of the^app#e&^U^ife ma^ be an even 
number then the half Ohm, and? die difference of Hitt lialf 
sum and the disUyice, as well as the appare^til^tudea^ Mil , 
codtluii only tens of seeqpds^ we ahatt^a^P'fie a]wiS%? 
take* Jpo ^fltodfUcal dejmpfements and rife' fog«$i$ii$s, 
without being? bbT^m ■ - the proportional parts. ' : 

It is important not to^t^fect, in writing down thWtPue 
altitudes, to add to, or subtract from them, the Mins ntafcber 
of s wrmdH that ha* previously been added to, « subtracted 
from, the apparent altitudes, in order that therdifferenee of 
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Toms, beftlbeM: *hiri* thife cric*i»distai»ce 

83’ W 9; and £T &' 39*. Tbf l«t ef 

at 15 h , 'ly^dyAe^s^Jod it 18 h . Vhe *• 

arej^i-^ aid which the 

Writ# these duttfta* and »th® heur^ateh q#|a»^on(l' M tei 
then, under file true dw&flee,*. |Mi th^^hfe life 
diffidence i*£ the tpe distance and th<*$p^buiw <3&4kwM t 
wisek a first dji^ls^^^ ill to he placed <M 

the nght of the distance ^ whrihit dcSfettoonds. Also tata* 
the (htference of thiS *two tabtffafc dists^tpr anldf^w^ be 
the second difference, which is the chafim 9*t 

pr in the first interval These quantiti<a|Mlfc to be used in 
calculating the second interval, or that fiUch answers to the 
difference between the calculated distance <*nd the * first 
tabular distance, vtiich has been qalled^jh^piet di 
Make this proportion’? <4he second differeatfc is to 1 
interval of fi 1 *, as’fijfellrst deference of the 1 

interval, which must always he added to the time 
distance to obtain the itaur at the first mendiim. The&urth 
term of this proportion SfeoM Lie calculated hy logarithm® ; 
thus, in order to have t^e^ganthm of the second interval, 
add the constant logarithm of 3^ thafc^of the fifcst different, 
an4 the artthmeUcal comp^ment # the difference 

together. V ^ * • * 



'CMmlqtiQQ of the Time at the Plad 
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lie. ThU^fwhit^ should be Ub^Mtm 
time at the pfice depe^^pon the manner in w hick jhc 
altitudes of the two bodies have been o9®^ied 

Wij©ti they have been taken, as well as fit© dittjiuce, 1>y 
simultaneous observations, and the time of thestpsobservatlon*. 
a x9 4 
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reekei «td fe y the v watch, the' horary single 
«f fc$ calculated |ds observed 

altitudes, b§f the rules hi art 76 j then tlte time at the 
yAm nwjr .%"* ^luoed? from it.' 1 - The difference which 
•arista between / this time and tffe time at the ftpst meridian, 
that itas beat <hlcu!ated fram-the true distance, deduced 
into degree^ trill bn the longitude of' the vessel. When 
the time at" the place is" greater than that at the first 
messdhtti, this kmgptude is cast; but when, it is less* the 
wesqel is to*the welpt ofthe first meridian, and it* longitude 
rawest * & 


117. Now to find’yhat time at the vessel corresponds 
with the rime ' , fe£ the' first meridian* which has been pee. 
viously calculated. Take first, in the Connaissance des Terns, 
or the Nautical Almanac, the syn’a declination which an- 
swers to the calculated time at the first meridian ; in this case 
it is 8$? 88' 4>f Ntwth, but the latitude is 10° 16' 40' South : 
the distance of the elevated pole frill therefore be 113" 88* 47*. 
Proceed with these quantities and the true altitude ot the 
sun to calculate the horary angle. It should be remarked, 
that file altitude increased or diminished by a certain num- 
ber of seconds, must not be employed in the calculation, 
but that which is immediately deduced &om the observed 
iltitude. Thus,' in the present example, the altitude of the 
sun which should be employed in calculating the time, is 
4ff* 26' 49’, instead of 48° 86' 47". 


True altitude 0. 48° 26'^)' 
Latitude, South 1* 16 40 
Polar distant© * 113 22 47 
Sum - 172" 6' l6* 

Half sum - - 86 3 8 

i Sum— altitude 37 36 19 
Sum 


- oomp. cos. 0-007(3851 
* comp. sin. 0 0372030 
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to be leas than the time at thqjfcfet memdiaat, but it is 
really greater* In fact, adayinoreisreckoned on board 
the vessel, and 24 ‘ Jawi&ri mhsft W ad*h>d to the time 
deduced from the calculation, which is thp Ifiith of June 
at l h 39' 33' 24"', while at the first meridian it Was only the 
15th of June, and, at the instant of the' observation, the 


hour was 15 h 41'. ' ; 

t- 

118. This method of obtaining the time a! the place of 
observation should be employed only wh|)» the time of the 
observation*} cannot be estimated by a good wafch. When* 
ever a marine chronometer or a good seconds watch is used, 
whether the observations be simultaneous, oar the altitude* 
corresponding to the distance be calculated by proportion, 
an account must always be taken of the time at Which each 
observation of the distance waarmadn, Some time before 
observing the distance, or & little nftoc the observations have 
been made, the sun’s altitudes may b^lsserved, which wifi 
give the time at the place where these altitudes were taken. 
The apparent distance, with the altitudes observed at the 
same place mul be corrected, as ip the precechfi^e*ainple ; 
but then the di%q^uoe between the time at the first men. 
dian, concluded from the jtrtj% tfcstance, and the time at the 
pltee where the horary angle was observed, is to be taken ; 
by this means, 'the longitude of the place will be obtained. 
Tins second method possesses a great advantage, when a 



same case tri 

t*V 

reckoned o» a 
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..„ „ t ilmmon s!|$idi wateh, the oBter^on of 
a h ot&f afl^te," tdm& l£%e iiajUfter t$at tf#e distances. 
wiD l^fye th| advMt^e p| ‘gireaHy shortening «the#-calcu]a^ 
tieai/ 4tn £ut,^Xsingle m$|* of 4>#^lti«tis Iff the dfo- 

fifc* 'the h^h^W^in^le s$PBF 
(tfxn mfah ’that 


tanee be 11 % tht& 
stfSice fot calculatiogi 
haye been obscjved ■ 

119. ItW» aljjfd^been remarked ( fh#t tMe tiuje at the 
place of observation should not calculate^ the alti- 
tudes of 0ic stars, but obtained ffajJ^^irtHhide of the aun, 
taken either 
which follows* 


ning which pfiaalde^* or the morning 
sTvatian $ the* distance* between die 
moon and a ■staa t 'i^|l ijlnaleohekh recommended' td calculate, 
the true alntude#« the t#o bod^eiwith the hovir*at ihrplaa: 
wh^f 'the“ -horary angle as. ^served, referred to that 
where the tbstypce was observed by meauM»f the way midte 
m longitu%wAf mtep^Ae^wn the t4ao observations 
j^f-the tijne'^iilj^t thircd^ladons of tl*e altitudes be com- 
pared with ihd-Wfb at-thefi&t nwnujian, Concluded fVum the 
calculation of the tnijs distiptse, the longitude -of dfe plate 
where the (li^anes wen ohS«fvtd nail be obtained.! *but it 
wou^bhe bett^-ns before/#© take the difference of thq fi$p« 
SsMhi first mondial^ andj^pct pf the place wl^|iethe^#y 
idg^W d|«frved, m order |i #btoin « IffHjgfoddSAA M 
be ffirectl/ 'compared sutli %dfyobt|unl0l * by a'6mfjie 


cjhjonometcr ( ^ 

lfe[). The circumstances irt ffifich the distant df (he 

** tf * 

moon from the stars can be token, ore ranch a»rC 
than those in which hei distant e from the 4t$i be jaw*- 
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eueyd. '-This lundlof jpbs d f Mjw w must not tfagrAlftfe be 

nedect&J, af^s^eB^h^Sw'qne’ from whieHPhe ped$ 
lies' bf theVe^S^pf bb collided. * With ^ seconds" iftdfefel/ 
%e ohservatioft onhetfistapces h^twdfcn the nndft and ®M8 
'stllrs is a^ejM^ns sun and motfe. d( 

not be foo much recomnaended^to navigators, not to 

themselves to bp terrified bys tl^lenglh ^ thl^^ulatimjs, 
which, in ti# case;,* aTe indeb^msased hj Mhacof th^ alti- 
tudes; Vfhat they; pay find* <£fB$|«lnd tedwHs ^ tbe be- 
fctoning wffl aom dmppeif:^ v 
during a short time t|Hl rendf^tp £$}culagei 
Besides, it is usdk$s to aim «it ari^ x^%inary 




logaq$uhs Only *tb $ydTfjppi ofjaeumals. The cidlnlition 
of the true dSs.taa^'^ d jjar fr thfe moon ds thd; saa#' as 
that of dm t^a^ee bfetw^n the syn and moan ; a#id # at- , 
tcntion all dte j^gevjath)ttsi!%w r l i hclimave been 

mdimiite!^ Ae calculation of tjdS or^wee^se^cl of observa- 
tions maydbe made in shoit, tune 4b The following 

Pistople mi|y, paused as axf^xerciae* ^ The rules that oyght 
to he followed will be J&$ i A ia arts.^79 and 8^, and in, this 
chapter. We sh$l» therefore, give only i & simple emaieia- 



(juto titles ngcetoaafy for the culcuiati^ii * in which, tliey^are 


atS^ed in dh« order most pwtoar for facilitating #e 
opeiwticmp. . \ *v“' 


/ K 




II 


'0*i 39th* «f be^ng i% South latitude 

9* fladrlSast longitude 148° 43'. When Ate time 

% the jntteh W> 3 h 41' s'-s ft/* Example* k< 
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«ri 81.), it was found fromshkudes of the sun, that it was 
l 8 *TS**$ behind true i&ne. ^At 6 h 8* ilm same 

watch, it was found from a series of abyobserVed distances 
between the moon and Affix m, that the distance of-ihis 
slat ftqtn the farthest limb of the moon was 39°^' 18V, Ir 
is required to find thf longitude of tfxtf pl^vi'hpifw the 
horary angle-was observed. ^ ^ * \ 

•The* calculated altitudes arg the sariae ( &$\£hose Bt the 
example above ^referred .tjjy' where ,t^fe operations necessary 
them amsexplained. ^ .V . 'V , ,, 

Timeitf of obser. of die horiry. angle 31* W 45“ . 

Time at th^ first meridian - - ' r k s r . 21 82 SI 

Difference 4 r :% l 57 24“ 

Lox^i^mE^Jiast - ■%' " - _ - <*• -*• Ilir.'fli' <7 

'7* ■“ ^ ■ V. ! f .> 

131. Whenever two or three series- of distances can be 
observed, the longitude may be obtained- to within about 
15' or Sty of the tfuth. * This enter can neyer have a greater 
influence than from 5 tb’tif leagues upon 'the position of the 

, a <■ f 

Vessel. ' t ,' *A ■ 

122! The true distance which is found by the preced- 
ing method, is obtained on the ..hypothesis that the earth is 
spherical. There are found, jhSsflmost a}] treatises on the 
■ calculations of nautical astepnorny, the means of correcting 
it in order to find tliat which would have lilted from 
the calculation, if the earth had been considered as a spheroid 
flattened at its poles; - It ha8 been thought proper to omit 
those corrections id this place, because they can never beof 
sufficient consequence to merit attention} in the most fa- 
: vourable circumstances, they can never influence the. calcu- 
lated longitude more than S' or 4' of a degree. But when 
the altitude must be calculated, »1he illipticaty of theearth 
may be taken into the account Without increasing the calcula- 
tion ; it Would siihply be necessary, instead of calculating 





CHAJ. VL 


5, Of OBSERVATION. 


iai 


these altitudes with met latitude of the^lacc, td em]pip| ,: that 
latitude diminished by a quantity which is fouhd m 
tiohs of astrononaie&f titles, a^d which is called theaagieat 
the VerticaL '•*' All mentW.^^ese cdfeectioris ha» |>een' " 
hi^ierto <&&& «£■* iu grder that the calbilatiao of ic^tOde 
migst, noffre WSdered unnecessarily cptapiw»^^.o^' 
contrary, we We been' desfrous ^ fimlm^’me^Wls of , 
increasui^itsfanplification, 

123. The distances may be Observed at land, and,m thk 
case, they willgive the longitude of the place for w^frthe 
marine chronoriidtef lies been regulated f l^ki £ the,|snibable 
error from eadh observafron is IS' or 20', a gr««tt’i»KU®ber t>f 
results should freobtainedibr determin^g the lobgitude' of 
. the sause paint, in order to diminish as muc&i asposmble the . 
emirs with which they ihay be-affpctedl Theprotkthilitj of 
the accuracy of longitudes thus determined iajajr stSl.be in- 
creased, by deducing tliem in the following* mahnfer. - In 
the first place,' it should he recollected,’' that it has been 
said the same observer always measures the angles tiither 
a little too great , or a little loo small, ■ either from the 
nature of his sight, or from the manner m*,fyhah he is 
accustomed to make the limbs ofthe objects coiflcide in 
the field of the telescope. It follows frdm this,|^i|t the 
distance, observed by the same person are aH either too 
great’ for too little. The pjrorsJ, by which they may be 
affected' from this cause aresubject to Vaitation, buttfaoke 
which act in one sense, on the *£,.the first, meridian, 
concluded frdm observations inade distances in the 

,>*r i- » " tt: ~ 

* Tht*T€f.will be fom^n the nptes subjoined to this treatise, audatihe end 

theexplauatiofi of this' construction of Tables XII and XIII, jth# u#e thnt 
may b^made of these tables for correcting the observed altitudes, and obtain- 
ing the proper quantities for Computing the true distance, on tbd hypothecs 
that the eailh is aft oblate sphere^ **■ 


IM : CAt!c&L&ti$!i 


tables 'increase,' wall a c0C in a contrary $r opposite sepjffe wh&V 
the distances in the .tables dijniraslr. ■ 'I’he distances increase 


when . the sun or* J 
then |be Jistai 
when thej^un or 




cal liteA between the mean 

■ fc * VT fir"- 4 %"« <*, >*e ^ , 

ldngrtthJfe 'concluded %61ely fi-om ' west distances, a$d that 
from east distances only, in order to" obtain 4l$ha}’- longitude 

tha^may, in a greatniiefsure, be free from emfrs^arisingfibmr 

^ ! ’-Li .-VI— ■*%.* ,Tx : _l.jfe.rJt',' Ml&mA- Ai HU 


; the errors inf 


the sight of the observer. *’ It is ^ 
lobgiftwh^btained by thus combining" the results; wiH not 
amount th4jff 10' of a dggfeg. -> f *' y* 

124. ^he distinction whidi foJhjjpre made bt'twJS^thtldongi^ 
tude^.obt^ned fi^mwest distances, and those fomidaelf ly 
eass£‘^Ms'ta^eesi<i^|h’^nly tfe <ff4jpich utility when.^thc^esMl^ 
are derived from cl i stances between the sun arid' jn6dh; 
Many cables, the,^xplanation of Jw^hh would be |oo long ir» 
this pla^e, render the distances bofweeu^the , moon and the 
stam subject to Irregularities, the different ifijluonces of 


whidi it ^impossible to aseenyii^ .fybm ffie circumstances 


that acoonifiany the obsmhftioh s ? *%pde thudongitudeof the 
■ port arrivfed. at shoidd always be dete^xiiitej from t|jb hicftri 
longitude of all the obsery^tions, which cun he tafe^f , with* ■ 
out ipbjCing^tlie dislinction^befiyeeu the longitudes opined 
frohp^east. hnd^tiSe^jfrom west distances. The eytbrs of 
longitudes ‘distances between the^Hoop^pd the 

stars, ^onght never 1 W*j^icoped .15' of a^i^ee; they will, 
therefore be suscep^d/of am accuracy a Iwjelcsl'iiaii that' 
doived froirh distances between the sffh a^L die this 

_js the r«a^m why they should be employed ip&sc$tjiteinkig a 
gedgrajihical position, only when a sufficient htafcher of- the 
latter observations cannot be^obtakied. : f f^ r ‘ /■ 

125. longitudes observed a^Sea. at’e g^i^IlV* c^icli«h^t 

i * w t « * 1 v i t f 



icWa^H^t. oi^EavATio-N'. ' , „ r ; t^S 

from 'defences different jlSfces^ r ^t: , . 

$ght, do “'^rot^j^ar ’^cSa|ftSfl#|'<f ' the pea&c 


. h$m§ ^*!fa^^*** 

affbrd tjflfe mwms of n^mriBga.'wii fc k^p aritoywl 
df tdi^tiuie d$dll the p|jaqp8 where We 
pbiierVed ; it Will therefore be possible to refer the results df 
longitudes idb^ve^at different places t^-the^same ptscclfhif ’ 
kmgJtjttde wucft^H^havt a milch* greB^t^nnA ^/^" thkh ■. 
*if it had bei^i deterfen^ from the small num^ef^d^erti- 
tious which% #as possible - ^, make at ||taL place! ,f %*h'ieifi 
ever $te fo\$frnng rales caj^fe* complied with, the^^gitiiule 
'•%® bnly W^iiffeeted with the efrO$ arilinp ^pqm the 

dMtendes;>%nd the iadpemcednf tfi& errcjpjbf^diffepMSt 

- - * - - - ”' * *‘‘ J " j 


t tides, Merf even a long d^ieafteVtlm dbrono&ietd^li^ji'becn 
' regulated, may be confade|ed as nothing. »r # *■/' 

126. Refer, the J^ngifudes from distance.-, which h^ye been 
taken on , consecutive thiys, or thpse but 'fktie d|siant fivm 
each other, to tfid place of whi^ffie longipicle ' beey de- 


terrai*^ by tlje maryib chreiWmeter, ip the liitjrnjng or 
evenineof the 3a«; whidh is equally distant in tiin^roin the 


evenjhgof die 3aJ' whjdh is equally distant in tim^roin the 
extrfecjte;obsen«dions of the distance. 

‘-Iffpe longitudes obt*fi$e4, ffotb distances betweentbe! stin 



e$ froto'^east 
saaf mad*M%> thqge ob- 
to ahblher 


and moon are required,''- refer all 
distai]n^s,;to the same point. ,In 
taibed from ^<&$t 'distances "arej tot 
■point iN.pii* tliq/ Jbngitude of ^^irdvpoint is tq^be colcft- 
lated_V.i^||;referrh^_ the' -longitudes of the two ftlitfefonedfiltoy 
%£i 


r ■’ l< * $f, 

iidi' was the result from east, aqd^tbe .otlie^. 
from west distances, to the place where the longitude has 
been found by -the chronometer in the morning dv evening 
of the dayeq^ly distant ihtitae from the two iutermedi- 
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ary days above mentioned. The longitude of this' third 
point will haye all the accuraq^of which the method ofdis- 
is suso^^ it will ^ 

■itude <3 


tances observed ai 
as accurate as the: 

•Ms -jfr, p, 

at die place itself./ ,. ! 

127. When 
tween the moon and 
tudes whiefehave beeii deduced frorotwo or 'more series of 
observations, may be referred to af single point ip the same 





s&tK^cesrfce- 
dap mean longi- 


mantifiSr, tpit withojg$ afiy distinction into those from east and 
west' distances : the' only attention which Is necessary is, 
that the interval between the intermediary days, answering 
to each series of observations, may not exceed 20 or 30 days. 
By this' means, so great a number of observations maybe 
made to concur in determining the longitude of a single 
place, that it will be obtained vri$h a precision, perhaps, equal 
to that of the longitude derived from distances between the* 
sun and the moon. 



CHAPTER VIE 

' 4 

■ -* - • ■■*>'«* - ' •, 

On fi&Jing the Beclvto ettion of the Magnmc Needle, by Obser- 
vations. of the Sim's Azimuth or Amplitude, and' by the 
Astronomical JBearingfoffl terrestrial Object. ‘ 

* A *’• ' 4/ * 

4 ‘A . Mv ft 

^ 4 

128 . TH£ declination of the magnetic needle is the arfgle 
which the direction of this needle makes with the north end 
south line* If the bearing of a terrestrial object situated 
exactly north and south, l>e taken, the observation will give 
directly the declination of the needle ; but a« all the points 
of the aim pass make. With the true points of the horizon, 
angles equal' to its decimation, it will be sufficient to take 
any object, the true bearing of which is known r^then the 
difference bf this beaiing, and that which has been Observed, 
is the declination required. The question is, therefore, re- 
duced to that of finding, by any means, the true bearing 
of an object so situated that its bearing can be taken with 
the compass. The? sun is the bi% object which can 
be conveniently observed with the bypass at sea. The 
bearing of the mm is an arc of horizon com- 
prised b^yeen th&: vertical circle and ihe meridian of 
the jdace,i%mi ought therefore to be equal to the angle 
formed by these two circles, or to the azimuth of the 
sun. This azinug^ must therefore be found from * calcular 
tion for tlie instanf %at his baring is taken. Nautical astro- 
nomy also teaches the means of observing and calculating 
the true bearings of terrestrial objects : hence, near the 
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sho% observations*^ the^.oll^ects' ita^ be emp%ed for 
fmriingffie .d on ation sagnedc needle. /F^ewjnrt 

bearings 

graphic^-tft- of dK 

hpre at ;si^iie,'i^|igth. ) ’ ***’ 




jj^bkiJcUioTi tfjhe Sun's Azimuth ggid AmjMtwM. 

* ’ 1®!^‘ '^Sp^(9^ai3y been remarked^titat the altitude of 
thfe^tih yitiesrtat every instant of his worse, anil that the 
time at llfty place m% be founds by an observation of this 
altitude : the sun's ‘azimuth, corresponding to ^{ie same in- 
stant of observation, ’ r may also b| detained by calculation. 
Henqe* whenibiswished to jasper bun the declination of tfef 
magnetic, needle, it is only necessary ’’to observe jhe sun's 
azimuth with a compass at the same instant that hi-vdlitude 
is taken. The difference of the observed and calculated 
azimuths will be the required declination;' • .«•- 

130. ■Tiie circumstance^ jppd^wftieh the observation of 
the swfs altitude gives his azimuth with the greatest accu- 
racy, are nearly die same as those,; in ^hfeh that altitude 
ought to be observed for ascertaining die time at the place 
wh^s^e , observations are Iftacie. ^Kpw, as ,the emulated,' 
aziitiiidfc^bdmQst always susceptible; of mi&b greater,. aedu- 
raeg^p^^ azimqthitibfeerved with the .compass, it will not 
bdlpwssary in 4& M*$ent cases, to* fo^4h# 

jrules that have been given re|ali^e tepfe arcumst£b0S* 


jrules that have 0 $^ igiven rtifati^, 

which should acfibmpany ’ an ' Jilt ■wrlatic^ of # thfr^cpfy 

ancle. It will alwavs be most advai;";-.*. etuis’ t m make 


.japgle. It will always be . most advantag^ou^So ;foala4 
‘die observation when the sun is very near the . ho-, 
rizon; then’ his azimutii may , be ^ebs wred with, a jcooW 
pass, much more easily than wjfc&t he has ittape'&ij, cej$fi» 
altitude. The errors with whicli the calculated azjn&gih 
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* + * 

may, .In tibas ease* tife mEPecte^ from the Uncertainty « € refrac- 
tiofl {Hid die latitude of the jflipkt irilLbe vary i^tdfftn com- 


seehin the 
observation 


p^Fiih tijose of w^pp^abserrod azimuth 

al|if horizon w$a a 
«#8#Wg instfbrb^^fcto sun cannot be 
seen in the commence .the 

observation : wili.tUi^^jSt httle^hqjfc £han four 

degrees. The ^hearings of the suit Become su^tptible of 
great errors. ’When he has' attained 15 of altitude ; the azh 
mutl^diouM not, tfeefore, be obsert^when ^ 
exceeds 15'. We rftifht, in strictness, prax$||b. df 
observation, as ofteh as the sun can bo scctt* through the 
sights placed on the lid of^the compass ; buf when it is 
desired to obtain all the accyj&cy of which it is susceptible, 
the observation must terminate when the altitude is. equal 

.ft 

m. r^Jine two observers are occupied in taking the 
tearing #f the sun with a compass, a third observer should 
take the altitude of fl>£ sun with a sextant or a reflect- 


ing circle; bringing the sun's image to the hoijtem, and, 
following its mo\e meats *qgh the repelling screw of *the in- 
strument, always preserving its lower limb in contact with the 
hapizot^ At the‘ moment when the two observers who 
?oke the bearing are certain of ha\ing mode a good obser- 
vation, they inform hnjfc who**ia1tfes die altitude, he 
reckons the arc mai ked Tby the index on Use his 

instrument : w|iich <wjll lx- the ahjtwd** j^ p l ndite ^ 0 
the obseri^fd tusfeptSi. Another observation may 1 be naSle, , 
food the mean altitude jjfiftchided, answers to the arithmetical' 
meant J^t&feep tbjejyro c$iseevod azimuths! If die altitude 
Be < takenu4rith a reflecting circle, die arc passed over by 
die index should be reckoned only at die end of the^Vcond 
observation 1 an^Jshe mean altitude twresj »ondmg to die 

mean azimuth? may be corMjaJed in flic uma) manner It 

.J * & * 4 4 ’ 
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, . f l? 4 ■ ' ' % 1 . , ' 1 , t 

would b# advantages to observe in this manner seven! 
aeries, each: ocmsuiSsiitg rations ; the arithmetical 

mean of the, (jfeecIin^dons deduced from each of these s&ieis, 
will .be susceptible m‘iconsid^fa^ liccur$cy« . It is not ne- 
cessary to reckon the' Sme hit &hid& each of these obsqrya- 
rions was made on a seconds watch ; -the estimated time will 
be sufficient, which may differ 15' or 20' from the true time 
at the, place o^fobservation without inconvenience. 

132. The following is the method of calculating the azi- 
muth. ’ Calculate the time at the first meridian correspond- 
ing to the instant of the observation, by means of the esti- 
mated time at the place, and the longitude by , account. 

Search in the Nautical Almanac the declination of the sun 

* 

for the time of observation, from which his distance from the 
elevated pole maybe concluded.,; This polar distance, the 
true altitudeyvhich is to be deduced from the observed alti- 
tude by the rules in Chapter II, and the latitude of the 
vesgel, are the three data necessary for the calculation, which 
is to be performed as follows. 

Write below each otlier in the following order, the dis- 
tance of the sun from the elevated 1 pole, his true altitude, 
and the latitude. Add these three quantities together, and 
take half their sum. Then "below this half sum write the 
difference between it and the polar distance ; that , is, sub- 
tract&e less of these quantities from the greater. Take, in 
the tables, first, the arithmetical complements of the loga- 
rithm cdsfces of *|he true altitude of the sun and the lati- 
tude; then write! -below these complements tM two loga- 
rithm cosines of fi^^alf sura^fa^lhe ififfeijence bsftawteh 
this half sum and.fhe polar disfiii^i^^dd thiee fotir loga- 
^rithms together, and half their sum will be the 5 logarithm 
cosine of half the azimuthal angle : double of the corres- 
ponding arc will be the sun's .azimuth, which is always 
reckoned to commence towards the elevated pole : hence, if 
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♦ , ‘ *• ? * , j 

the elevated pole in the nortlfern 


azimuth Will be reckoned ffum.li(b|iomK:; butiif ’die^fevited 

. •.« r ' ** +ri tits* *, 



pole k towards the South* the'aprnuth will 
tfie south. The aziimitfr ^K^ed -the ’ d&rapaiw ipusi 

djnseqhently comm^kce’’at'’th^’ siigpe as that obtained by 
Oileulatioft, thafcthe decliriatitm ot the magnetic needle" may 
be deduced by comparing tJWamt^effler. ' 

The calculation of the azimuth may be made without re- 
garding the seconds of a degree ; and the logarithms need 
only be taken to fi we places of decimals. ,* V v ^ • 

133. It has already been observed, that the IfeoBaathm <H 
the needle is equal to the difference between the azimuth ob- 
served with the compass and that derived from Calculation; 
but iri order to know on which side of the meridian it should 
take place, it will be necessary to attend to the following 
remarks : suppose, for a moment, that we were turned to- 
wards the sun, and looking in the direction of his bearing; 
then it would be very easy* to know whether the azimuth 
resulting from the calculation, answered, on the card of the 
compass, to the left or larboard side of the azimuth observed 
with tlie compass ; or whether it corresponded to the right 
or starboard side. But the direction of the magnetic needle 
ought to be situated, with respect to the north and south 
line, exactly in the same manner as the calculated azimuth is 
situated with respect to that which has, been observed vdthrthe 
compass; hence, whenever the calculated azimuth answers 
on the card of the compass to the larboard of that observed 
with the- ujsedle, it follows, that the direction of the needle 
ought tb be to the larboard side of the north pole: in this t 
ease, the needle deelin^ ttewnrds the west, and its decli* 
nation takes tile nanie "Of* north-west. If the calculated 
azimuth plhce the sun on the starboard side of the observed 
azimuth, the needle declines towards the east, and the dc- 



itgjjh CALCULATION OFTHE SUNS AZIMUTH, &C, CHAP* W£, 

donation &ke the denomiaftipn of^ndrth-easJt- Mariners > 
codmwnly call the ^A|^i»a|^ ^ the need% the Variation of 
fine Compels,- and *ay thtd/.jpfce.' variation is 
nOrth-weet.-' 

184. When the nteeidle 
totvardi* fhe nortl^w^t, <*$ 'to/thig, larl&d tog # qtijjpm 
north, the true dkect^p of ^ie jaorth^po^it^f tHe^etthpais is 
the ao|ih^efth- west ; and when it declines two points 
towards : w north-east, or starboard sid&ghe true direction 
.e&jhe same point of the compass is nojth-north-east. The 

Vr ' V 1 * ' 1 . * x 1 ,'i? " 

.'^ttiteeted jjfeint is therefore always situated, with respect 
to the,observed point, in die same maimer as the north ©f 
the copjjpasa is with regard to the north of the world* This * 
coipderatioh induces us to believe, that there would be an 
advantage in applying both these denominations to the de- 
clination of J|t magnetic ljcedl#; should say, for ex- 
ample,, dedication nor^west or Jarbbard, and dec&iiajmn 
north-east or starboard. This double appellation wjjwld af- 
ford a Tery ^mple general rule for correcting the course of a 
vessel^ and {.the bearings observed with the compass. It 
would, tie sufficient to ymploy the declination t of the 
needle in such a manner that die corrected bearing may 
fee on the larboard or the .st ^oar d of the observed bear- 
ccording to the denomination which that declina- 
it to have.’* The denominations of north-east and 
^bst are more naturally derived from principles, and 
.are/-? 2 w;V*tialh) jho.se who occupy themselves with the theory 
of magffiiiBn; ithe other denominations wou$d a great 
, convenience in practice, and. might prevent ib^nyMistakes 
that take place, only because men, even the mpi^expiuaimced, 
^ttre subject to be deceived relative to the true sSmsein which 
f^’the hearings should 'fee corrected. Mariners are, doubtless, 
guided by an analogy of this kind, when they say that 
the lee-way is on the larboard* or starboard 1 , and that * 
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the Variation is oft t^e same >«r the opposite r «ide. It if 
not attempted toihtroduce s but,>«ftiy fl/typtipeA 

to M^er a denomination W&dfc*jM b&siusad Ift a 

p^wwlHrcapof 1 1 ** ; v 

A.'Mif '>-»<“ * ?*' 

t JbcMfe* 

a *■' * *® ^ 

On the 2nd of Match 1792,'* at about six id the morning, 
being in South latitude Si 0 48', and ‘East leogittfde 35° 49' 
tlie altitude of the sun’s lower limb, was obseWed to be 
6° IS*. At tlie satae instant the sun’s azimuth^ h&hrwed 
with th6 compass, was 57° 17'; that is, the (Sfenhgp of tlie* 
sun was taken at ST 1 7' from the south towards the east ; 
the elevation of the eye was 20^ feet above 4ic»'surface of 
the sea Required the sun’s true azimuth, and the decli- 
nation of the needle. ' , 

i 's *• L * 

The ’time at the first meridian corresponding to the instant 
of |he observation is the 1st of March, at If? 1 37'; the de- 
clination of the sun for that time was 6 s i>7' South. But the 
latitude is of the same denomination as tills declination, con- 
sequently, the distance of the elevated pole is 83 b 3*. The 
true altitude of tlie sun’s contra is 6° 19'. The j^ivefei quan- 
tities may lie disposed, and the calculation performed m 
tlie following nwimei ,-M> 

Distance of the elec ated pole 83° 3' ' * *■ 

True altitude oi the Q. - 6 19 comp. coS. 4M0264 

latitude ... 34 48 comp. cos. 008558 

v ^uin - 124“ 10' * « f , 

Half sum 62 5 ** - cos. 907042 

Polar distance — ^ Sum - 20 58“ - - cos. 9'970S8? 

Sum - - 19-72889 

Half sum cos. 9-86144 
Half azimuth 42° 57' 

k 2 



i m 
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fbu&k. Arimulh from the South to the Bast* 85° 54' 

The stuff bearing was £rqHf die South * 57 17 E« 

Declination of tbfc ^magnelic^wecile - 08° 37'N.W*^ 


m 


^* 1 ' *, 


o^lhoadt. 


In this example, the south pole Is dial $ddch i$%fevated 
above the horizon, consequently, the calcuktecf a^puth of 
the sun is reckoned from that j>ole* The azimuth observed 
with the compass must also be reckoned frftm the same pole, 
and it is S. ST 17' East. The difference of this observed 
azimuth* and that which results from the calculation, is the 
required declination of the needle, and is found to be 
57'. Now, in older to know in what direction this de- 
clination ought to take place, it may be remarked, that the 
calculated azimuth being greater than the azimuth observed 
with the compass, it ought to answer on the card of the 
compass to the left or Inboard of the observed azimuth; it 
follows then, that the decimation of the needle is north- 
west; and if we adopt the double denomination which ha-, 
been proposed, it will be north-west or larboard 

135. The instant at which the sun’s bearing can be the 
most easily taken with the compass, is that of Ins rising or 
setting, because he is then found ver) neaily in the plane of 
the c*ompas> card. Manners fld&ke moie use of this obser- 
vation ..than of the preceding one, boenwe the calculation it 
shorter, and it is not necessary to observe the smfs altitude, 
which ts nothing when his centre is in the horizon but tlu* 
result is not t^peptible, as will he seen, of >o much preci- 
sion as it itppsi&We to attain by the ptjhor method. There 
are inserted in Jmosf all collections ^of tables on nautical 
astronomy, tables of a double entry, by the assistance of 
which it is easy to find, with the latitude of the place and the 
declination of the sun, his amplitude at the moment of his 
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rising on setting. This arc is only''a ptat «f^§ h®ri*o» 
comprised betwedftthe sun and^^ We ; 

ibe complement' of the>*iin’s azit^^b., ‘or/.’Si 
cases, equal to die ;qi»Sirity whifcb law azimuth exceeds 
90". /^he, difference of the amplitude^foiind in the tables, 
and that ob^rwj^with the_ compass, feequal to tlie declina- 
tion of the needle. * It may be known by mea^s similar to 
those which have been given for the azimuth, whether the 
needle declines towards the north-east or nortlirtcest. i 

The table of amplitudes, in order to be use^tdj 'pag'ht to 
have a certain extent. The limits to which Wfe hoi'd *heen 
obliged to confine the collection of tables at the end of thi( 
treatise, has obliged us to suppress tills ; but its place may 
be supplied by a very short calculation, which wSl give the 
sun’s amplitude by the addition of two logarithms of five 
figures each. 

136. Before making the calculation, find the time at the 
first meridian corresponding to the moment of the rising or 
setting of the sun ; and take, from the Nautical Almanac, 
the declination of the sun at that instant. Then add the 
logarithm sine of the declination to tiie arithmetical -comple- 
ment of the logarithm cosine of the latitude, and the sum 
will be the logarithm sino'luf the sun’s amplitude. When 
the sun is found on the north of tin? equator, his rising, and 
setting will be north of the east and west line; and when lie 
is on the south of the equator, he rises and sets on the south 
side ofthe same line; the amplitude is thenaforfif* Always of 
the ,«ppte dtsfroinination as the declination. ' 

137. The amplitude fbund in the tables, and fhat ob* 
tained by’ /^te pr (.■ceding, calculation,, supposes the bear- 
ing of die sun to be taken frith the. compass, at the instant 
when his centre was really in the horizon ; but, on account 
of refraction, the c<aitre of , the sun ought then to appear to 
have an elevation of 33', it will therefore be necessary tq 



i&jt" DECLINATIOMOF *THF, MAGNKTIb'NEEDLK. CRiP'. Vtl 

, thelbearing only when the sun's lowerlimh^hatfaii 


altittide ifeariy equal ,, to '3hi$ ; semi-dtametef. It is the 



lasers the cMU^Stt 
* thejispl^wle, 
It from 


less susceptible of precision tbAjjtlft: 
observations Cjf • the azimuths N^rtliet 
is taken a short time before* his lower limt) is detjppeS from 
the horizon, and aatfin when the altitude of this limb does 

A,, ^ ' ** , A 

not appear greater than his whole diame^r, then the error 
of^tn^^fculatcd amplitude will never beamueh mGn$khan 
half la' 1 ’ degree, provided die latitude %at not surpass 
But, on die other hand, the observed amplitude may 
affected with an errot^tf half a degree : also, when circum- 
stances are Hot very favourable, that is, when the sea is but 
slightly agitated^ the declination of diamagnetic needle may 
be obtained within nearly a degree ; this accuracy is suffi- 
cient for the purposes of mfirigation ; but if It 1- be wished'- to 
obtain' it with greater precision, observations of the son's 

azimuth only must be employed. 

- ,< '■« 

■ l 'W* i - V' Example. 

Ohe the 11th of June 1792, at about 6*' 50' in the morn- 
ing, being in South latitude and EfUrt. longitude 

M54”$8’; the easterl|-«aphtnffl^’ the sun,, ^ observed 
witli^^ cbmpass, arid found to be H %T ST towards the 
NbrtfE.;'* 1 Retjuired the declination of the magnetic needle. 

Tb^jinib a#* the first meridian, at the moment of the : sun’s 


rising*^ 

1*58V'" 



of enervation was the 10 th’ of dime at 
ently^his declhriydbih' twfe 23“ T JjFofrth? 1 ' 

* ** V.- ? „ 

T ih* 9-59396 


I&clinatiorf of the ©^efth 22 

^cdtude - 27 10 


M 


Amplitude of the ©. 



OQWft 
9*64473 
26° U' N. 
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Amplitude of the ©. - E. - >> 

TC%te sun’was taken to the E. :* x 
* XHj^tNATXbN df ip vj& * it* Ni4l ■ 

" • * ’ * ' " **” .Watte^i. 

* " \ 



; S.iaLi.j Hoping, , 'answere on the 
y to the right or starboaM of the bear- 


M 

card 

ing taken with the compass ; the 
is therefore Nort|i-East or starboard. ' • - . ' 


needle 


«X* 


O^Astronom leal Bearings . 

r \ 

138. Having given the method ofp^lculating the . azimuth 
or bearing of the sun from an observation of his altitude ; 
if, at the same time that his altitude is t^en, the distance 
between the sun and pL terrestrial f3»et be measured, and the 
altitude of that object be observed* nautical astronomy fur- 
rushes ? the means of calculating, from these data, the. differ- 
ence between the bearings of the sun qtid thjpjt object at the 
moment of observation. The bearing of the sun being 
known, and the difference between <hi« bearingabd that of 
the object, the bearing of this last is easily determined.: It 
is these bearings that > called astronomical bearings, 
because they |re h^ed&a$ily derived, from observations of 
the heavenly bodies'** They are theniost proper,' £t^$ill be 
shewn, for ascertaining the declination of the mfg»netic 
needle ? they ought also to be employed in pr^^ynce to 
bejmfiaTS* taken with the compassfe in tlie'.% : Siist?.action of 
hydt%rapmcal or h u &fflg charts. *• 

180. Th^obseiyi«»^ !of c astronomical beairogs require* 
the concufflW&ce of two observers Awhile one takes tlie Ai- 
tude of the sun, “the second measures *theJdistanCe of W 
object (from his >>A 
distance and altitude' i 


Two observations of this 
taken, and the mean of each 
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V- 7 ' 

deduced. . v:The altitude of the object should always be very 
smalt and may not, vary by a sensible quantity in a .short 
interval optima, it may therefore bo measured a httlq, before 
or after die observations*# the -altitude and distance of the 
sun. • As it is not necessary foiakeAlie bearings of terrestrial 
objects to a small number of sefeonds, the rul^thajroffe been 
recommended to be observed in taking the' distance of the 
moon frotn tlie #un or the stars need not be attended to 
here; hence' die fexact simultaneous observations of the sun’s 
altitude, "and bis distance from, the object will not always be 
absolutely necessary. * 

►The hour, minute and second at which the observation', 
was made need not be taken, and the quantities taken 
from die Nautical Almanac may be calculated with the 
time at die lirst meridian, deduced from the estimated 
time at the place of observation, which may lie 15 or 20 
minutes from die exact time without inconvenience. 

When it is intended to deduce the declination of the mag* 
netic needle .from the astronomical bearing of a terrestrial 
object, two other observers must take die bearing of the 
same object with the compass, at the instant its distance ‘ 
from the sun is observed. This method of observing the 
declination of the needle requires die assistance of four ob- 
servers, that is, one person more than when it is obtained 
from die azimuth of' die sun. The method of amplitudes 
requires only two observers, ami this is one of the reasons 
which renders it more com enient in practice. 

140. The'calculation of astronomical bearings, front what 
has lieen said above, .consists of .two parts; 1st. the cal* 
eolation of the sunk azimuth; 2nd, the calculation of 
the difference of the azimuths of the sun and the object. 
Hence the accuracy of the result dejiends upon that with 
which the. sun’s azimuth is obtained from bis altitude ; and 
also the precision with which the calculated difference of die 
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azimuths is determined. It . has been sbofvii jlitgp)|R6» 
tion in altitude is very slew near the meridian,?, feoffee- 
queSgktly, altitudes takfen near the mteridian at#noteproper for 
ascertaining 'the eurrts^htiii^^li^utli*^ In general, the 
arimuth^ppbe sun sjioukf nt^f 'calculated witli hltitiudes 
taken iyi hpur aq$',ag$0jf ofhoon. The altitudes 

taken at cither time of the day*?' give -die azimuth within 
about <£' of the truth. There are circumstances larctvhich the 
astronomical bearings may l* obtained from a- distance ob- 
served lie tween half past ten ,in the morning and half past 
one in the afternoon, but then it is necessary to calculate the 
aim’s azimuth with 'the horary angle instead of his altitude. 
The method of performing this calculation will be given in 
the subsequent pages. 

141. All circumstances are not equally favourable for ob- 
serving the difference Between the azimuth jqf the Sun and 
that of a terrestrial object ; observations may even be made, 
the results from which would be very defective ; this renders 
it essential to consult the following precepts, before the Ob- 
servations are made, o,nu if care be taken to conform to 
them, the azimuth will be obtained, in all cases, within 2 or 
3' of the truth. 

1st. Never observe the astronomical bearing when the 
altitude of the sun exceeds 60 . 

2nd. Choose an object when it is nearly 90° distant from 
the point where flic vertical circle of the sun etfts the 
horizon, 

3rd. When an object cannot be observed ahprtt 9f) from 
the vertical circle of the sun; choose another!; ’A’ situated 
with respect to the sun? . that the angle of inclination of the 
instrument with which the distance is measured, may not be 
more than 4 S'. 

An error of 10° or 12? .in tlie estimate, either of the differ- 

1 ‘ ■ * fV A 

ence between the azimuth# of the sun and object, or in the 
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the 5 instrument with which; file distance is 
nj^fc^red, will not have a great influenee ? upcm the result. 

142. The following rules which ought tu be Ob- 

served in procuring tha-q^a^lies 'ifeJWry for the calcu- 
lation. Fj$i$n the eshihated^ihe and longitud^thj! time at 
the first ms^|n <brrcspondi% to the moment & observa- 
tion must Be Reduced ;* then take from the Niutical Al- 
manac the stip , s , |^lXnation at that instaht, by which dihe dis- 
tauof^pf the elOT$t«d pole is to.be found, 1 Correct (he ob- 
sejrye&ahitude of the sun for .the depression of the horizon 
ah# Semi-diameter, and his apparept altitude will be Ob- 
tained, which must be diminished by refraction, to have tbte 
ti*ue altitude, with which the calculation of the asthnuth is fo 
be perforated, according $f the rules in art. 18®. Add die 
semi-diameter of the $up to the observed distance, -when his 
nearest limb was brou^nl into contact with the object ; but 
subtract it when his furthest limb was used-. In these- two 
cases, the apparent distance between the centre of the spin 
and the be obtained ; the depression of the hori- 

zon must aldMbe subtracted from the altitude of the object, 
and the remainder will be its apparent altitude, which, with 
the apparent altitude and distance of the sun, are to be used 
in finding the azimuths, according' to the rules given in the 
following article. ' ' 

148, , Write, jn the following order, tlie apparent distance, 
and the apparent altitudes of the sun and object ; add these 
three quantities together, and take half their sum ; also take 
the differqpce of that half sum and the apparet$*digtance. 
Then tfckh the arithmetical complement of die logarithm 
cosines of the apparent altitudes^ Of* the suh and object. 

, Write below those two complements, the . logarithm cosines 
of the half sum, and-the difference of the half sum, and the 
apparent distance. Half the sup tif 'fese four logarithms 
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wifi be the logarithm cosine of the half dififepiSfDfe 
azimuths o^the siPh and' object. Double Of tile coite^oiti* 
ing apgjp will be tile difference of|he azimuths required. 

Suppose^ ^for a m&teQt^ftl^^^aee^e etevatecl pole, 
and remfi^whcther theNfc^w^tiftle o^jbe bi|^ is to«tbe 
right orl^ft of! 4hat pole? a^d^so Wbqthe^^|. object of 
which the l^taricfe had been taken Is to. the right or the left 
of this’ Vertical circle. When the vertjplj^h^le bf the s^r 
is on the left of the .elevated gple, and the ol|fect on the left of 
tliat circle, add the difference of the azimuths to the aim^tthof 
the sun. The same, addition iiiust also be made, \flfyjKMbe 
same circumstances on the right of the elevated pole ; hut 
when the sun is on the right of the eksyated pole, and the 
object on theleft of his vertical circle, and pecipippally^/he 
difference between the sun’s azimuth, 4 |pd that which results 
from the calculation, must, he taken.:'. The$ azimuth of the 
object calculated^ according to these rules, will always be 
reckoned to commence at. the elevated pole, and in the same 
direction as the sun’s azimuth : this ride 3s ^jdnerai when' 
the sum of the results of the two oaleulationsia taken ; but 
in. the case in which they have been subtracted,/ rom each 
other, and the difference of the azimuths is greater than 
the azimuth the sun, v. then die azimuth of llie object 
ought to be ^reckoned in ancontrary direction to that of the 
sun ; that is, thb one will be towards tbe%ast, anebth^other 
towards the west, 

V T . 

\i S \ .. Example. 

'a*' ** 

On the lfttb of July 1792, at 7 in tfic moiytfBg^hejng ha ' 
south latitude,, T 31', . and Cast long^ude* 153° 10^ tlie alti- 
tude of the'sun’s lower limb was "observed to be 10" 30' ? 
at the same time,- thj^distance betweeafthe summit of* a dis- 
tant mountain and hfebnoa^st limb was taken," and found to 
Ik: equal to 95° 1C'. Th^Jjtiountain was situated on the left 
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of th e vertical circle of the sun, and the observed altitude of 
its most elevated part was, at the instant of the observation, 
3° 20'; the elevation af-^ic observer's eye was 20£ feet. 
Required the bearing jpf tbe mountain. 

*'A ’ ‘V. *(»,. 

Latitude^vS&ftth ' ■ f - - - V ? 81 ' 

East Lon^idp, ^ 153 10 

* In time - - ' 3« h 3T • 

Estimated time'll the place of observation - 19 0 

at the first,* meridian ’* 8 h 23' 

Ekscjitiation of the Q . - - 22* 14 -N* 

Instance of the elevated pole - - 112 .14 

i , . ' 

Observed altitude of the 0 . - - - 10° SO' 

Elevation of the eye 20} feet. Depression - — 4 

V • '10° 20 77 

Semi-diameter of the 0 . - - - "■ - + 16 

Apparent altitude of the 0 . - - 10° 42' 

Refraction, - - - ' ‘ - — 5 \ 

True altitude of the 0 . - - -10° 37' 

Distance of the nearest limb of the 0. - 95° 46' 

Semi-diameter of tile 0, - - - - +16 

Distance of the centre of the 0. - 95° SS' 

Altitude of the mountain - - « ' v 8 n 20' 

Elevation of the eye 20| feet. Depression - — 4 

Apparent altitude of the mountain - - 3° 16" 
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Calculation of the Asfaqtih of the ©. 


« > <- 

polar distance of the ©. 

. U 

■ 112°>1$ ; 


True altitude of the © . 

10^7 

conjp.*cos. ,^SHK)750 

Latitude ■ - 

‘7 h 

comp, cq^! - <#*00375 

Sum 

130" 22' 

t ,7 yv » , 

, ' 

Half sum, - # — 

65 11 

- cte. 962296 

Polar distance -y 4 Sum 

4# 3 

- cos. 9*8flgl$f 


Sum ,’ ' ■ 

19-4tf7fl& 


Half Sum 

- cos. 9-73379 


Half' azimuthal angle 57° 18' 
Double. The sun is from the South - 114° 24'E. 


, f w * 

Calculation of the difference qf ) the azimuths. 

Appar. distance of the © . 95 32' 

Appar. altitude of the © . 10 42 comp. cos. 0*00762 
Appar. alt. of the mount. • 3 16 comp! cos. .,#*00071 
Sum - 109 30' 


Half sum 54 45 - */ 

COS. 

9*76129 

Appar! dist— * Half sum 40 47 

cos. 

9-87920 

V'"* Sum 

- 

19-64883 

Half sum 

cos. 

9-82441 

a* Half diff. of die azimuths 

48° ’ S' 

The mount, on the left of the vertical circle 
of © . ^difference of azimuths. 

} 

96’ 16 


The ©. to tM left of the elevated pole, 1 

, 1 b 114 24 E. 

remains to pie south. . - - » - ) 

Add. The Mountain was to the S. 210' 40'E. 

Subtract 180° - or to the N. 30 40W 

* 

The latitude in this example is south, consequently the 
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south pole is th©«Jevated pole,' and all die bearings that are 
immediate! v derived from calculation, ought to be reckoned 
from diat pple. The arim^th of the sun is 114 n 24/, and 
because the observarijpjg. ^ made mihe monfrng, Ids bear- 
ing is sou^|UL4 4 2£' eSst i^t^yertical circle of th§ sun was 
thereforfn^# ||| feft' of die dtevated,|^. ButMt the time 
‘ of the oW^^^E|^die mountain w^^lsdjfti the Jfcft of die 
; vertical ehtcleV^^^^' the azimuth of dte lun mus^lfe added 
le azimudis ; tMs sum. will be4he bdfr- 



erenc 


torn the soig|h pole towards 
of the sun 


le mouhttU^ reckon 
ll'ent, die same way as 

& In the present case, the sum of the two qfrantitigs ia». 
to 210- 24', and it is greater than lSb°, which;; sni 
the mountain is beyond the north pole, and to |he lefy of 
that < pole; consequently 180’’ must be subtracted frtplfct, 

. and the remainder ^•iB^.bplUie bearing o$?1he mountain; or 
north 30" 24' west, £f>£ **" ' 

144. It has been«aid'd)ffit the azimutb'of tlic sun might 
be obtigngd.to nearly 25 ; the difference between Ills ariwntk 
and that p^^e terrestrial object; may be equally ascertained 
to 2 ' or 3'. Consequently, if we conform -to the rules that 
have been givtaii jsjblative to the circumstance^ under which 
die observation should be made, we may jto^tain that die 
astronomical bearings resulting from the cglcqktbn will not 
be affected with an error of more than-4 or 5.1$ 

■ '* _ _ jA, ‘Cti 


titude 


145.* When the sun passes the meridian at 
than Off 1 , it is possible, as already remarked, to obtain the 
astronomical bearing of a terrestrial object, by andbservation 
and a half of noon. These bearings 
very nearjthejpassag^jthe sun over 
the meridian. . lm this case, die time corrihjspoTiding to the 
observed distance between the sun and the object must be 
reckoned on a seconds watch, the gairt or loss ofWhich, with 
resp^etto true time, had been ascertained near the time at 



made Jfiti&i on hoi 
may eveniie observed 
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which this distance mis taken. The gam* or Mis afUhe 
watch will serve terfind thedime which oughtio be reckoned 
at the place of observation of horary angl^, at mo- 
ment in which the observation astrononueal hearhig 

jittiue, mn& 
ng ; i» 
distance' 
If tbier 

* hei ?«*« er 
24 or 12” 


was nutlet By means 
time mini be referred to tljifjpllce 
observed, *ndj$be tme time co 
betwe^yhe sun ahdtbe object will byl 
distance has heed taken befog© the pai 
the mendian^by .takiiig its^lnimpleineitt 1 

al^have the hoi^ry vRqgl# of the sun; but wL 
ratipfe itftnacki afterboon, the horary angle will" be 
to tbyrime atlthc place of observation. By means of 
the longitude, the time at the first meridian map, be caleu- 
ljStad; . t^is time will then serve 'Co Jpd the sun's declination, 
by which the dis||nce of the elefctM'pole may be obtained. 
The polar dist&ice of the 1 sun, tib^iSQtnpJymont of the lati- 
«tn4e, and theiiomry .angle of the sun, are the three data, 
with “which tlie azimuth must be cal culated |||hfe .following 
are the rules t<bhc obsery^ ^ ' 

. . 146. Writedown the polar dist«ice of, the sun, and be- 
low it the complement of the latitudejj.^ke the sum and 
difference ofthfcse two ijvjantities. Write, iirsuocession, the 
lialf sum npd the half defence, and below them write the 
horary ajtgfcy. and tpke its half. Add together 4he arith- 



nifitica 


Lenient of thcvjogarithm sine of the half sum. 


the logarithm sine of the half difference, and the logarithm 
cotang^t of half the horary angle ; the sum of Jthesc three 
will be the logarithm tangent of an Ere whicb^icidled the 
first angle, ^ yferi te down on the right hand of the former 
legarithms^’fip arithmetical complement of the logarithm 
cosine of tlie half sum, the logarithm eosinc of the half dif- 
ference, ’and the logarithm cotangent of half the horary 
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angle. Add these three, logarithms together, and the sura 
will be die logarithm tangent 6f a second angle, the arc 
corresponding to which mus$ be taken from the tables. . 

It is to be remarked |hat„ these two calculations have a 
common logarithm, an3 that there is only* to look in the 
tables for fiyei|ogarithini f The calquh^ons will be . much 
abridged if the seconds of all tlic given quantities are sup- 
pressed, and the -k^arfthms taken only to five places, |f deci- 
mals.' . These givea^uaiilities^iay be placed as in the fol- 
lowing , example ; then immediately after ta kin g the arith- 
metical complement of the logarithm sine of the half sum, 
that of its cosine, which it by its side, may be taken; ittillflsj ! 
same manner the logarithm sine and cosine of the half 
difference may lie taken, at (Hie opening of the tables. 

When the sun pusses die meridian towards the depressed 
pole, add the' 1 st and 2nd angles, that have been found by 
the calculation, tqgplhW, their sum will be the sun’s azi- 
muth, which will be reckoned from the .elevated jxile ; that 
is, in this case, from the side opposite the passage of the sutt 
over the meridian v it will, therefore, be greater than 90*, 
and often near 180*, 

When the sun passes the meridian toward*, die elewa^^ 
pole, take the difference of the two angiesS fpund by the 
calculation ; this difference will be the suns azitHUth, which 
will be reckoned from the elevaled pole, that is, from die 
side on which the sun passes the meridian, and iatlils case it 
will always lie loss than 90”. M/ ’ ' 

The difference of the azimuths of the sun and die ob- 
served abject, is to be calculated by the rides in art. 142, 
and the azimuth of the object, or , its .bearing, may be ob- 
tained in the same manner as when the sun’s azimuth wa* 
calculated from his altitude. & 

These rules are illustrated by the- following example* 
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EiflMPLF*. 

On the 17th of June 179^ lieing^in south l&itude 
22" and cist longitude l(M£^^when the time by t he 
watch wa# 2“ 25' 31", the disi£fttfe of the ^eare^tiimb of the 
sun from the mojjt oifevSjed summit^f tJfer isltS^^^nes, situ- * 
ated at tH& soutl^gist extremity of New^c£9|tfoiua,was found 
to be 8jK51'. Tfcit^hknd.VaS on theijmlp of tlie vertical 
circle of the sun. fThe altituy| of his l^Kthnb at the 4|pe 
instant was 43^1' ; that qt'tSh^yect 5 6 io' ; and the eye!«of 
th#jbWi*er waaelevated^l fee’t above the surface of the 

«*;■ V / ‘ fr ■ ' 

It was Id&Own, from observations of the sun’s altitude 

• , , , it* *, 

made in the morning, that the watch was 2“ 2' 2T before 
trne^ tim^f the place where the hewing was observed was 

2' of a degree, yr S ir of time, flllhe west#? that where the ho- 

, , i 1 , ' , "•%*,&<* t 

rary angle liad bfeea.ascertainedfc , , ' ^ 

Time'by the watch 
Before true time.' Subtract 




*1 — 

*5 


I 


25' 31"" 
18 2 27 


Time .pit the place of the horary angle 
lace of me bearing to the W. 

True time bearing, or horary angle 


<*• 

t - v 




Horary anglerip degrees 
Latitude Sf 

Complement of latitude 

Longitude East - 
Longitude in time - - 

Time of obserfihg the bearing 

Time at the fiitt meridian 
Declination of die © . N- ‘ 


0“ 23' 4'' 

— 8 

0“ 22' 56" 
5° 44' . 
22° 53' 

’ Qj ' 


164° 43' 
1 #* 5 &' 
23 


(W 

to 




Distance of the © . from the elevated pole - 


13“ 24' 
23° 25' 
J13 25 

OV i * 
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Observed altitude of the ©. 

Elevation of Bjhe eye 20} feet. 

•/ ' 4 

* * 

Semi-diameter of the ®,V * - 

* , t ‘ft v 

Apparent altitude of the <p. - 

s' 1 ' ’ 

Distance rtf' the nearest limb of the ©«, 
0 * - , - 



vi 


DiAnce of the centos of the 
Observed altitude of the 


43° 7 

* + 16 4 

43* 23' 
85" 51' 

- t# - 

86** # T 


5° 10' 


Elevation of the eye 20} ftefc ‘’^^ression/jJ’ - — •jjf. 


A 


Apparent altitude of the mountain. 






w. - ■ 


* $ 

* . 

Dist of® from dev. pop' 
t Comp* of the latitude 
Sum 

. Different 
Half sum 
Half difference 
Horary angle 
Half horary angle 



Suits Azimuth. 




90? 16' #omp, tin. 0*00000 comp. coa. 2‘3.%t6 
23 9 — - sin. 9 59455 -* * - eos. 9*963J 

5 44 *, , 

2 52 cotang, 1 30038 ; cgtang. 1 *30038 

tang- 0-89493 J ^Rpg. 3&0GO8 
1st angle 82° 44' angle 89° 59' 
lsfeanjsle 82 44 


The son i 


i pag^s tlie meridian towards the depressed pole. 

The sun remains to the S* - J 

9 'WL.. 


jjf/ - 172° 43' 
172° 43' W 
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comp. cos. 


v * 4 '* 

Calculation of thi difference of the Akbthufhe* v 

% Y 

Appar. distance of the ©. 8(5% 7 
Appar. altitude of the © . 40 .23 

Appar. alt. of the’ mount. 5 %* 

Sum i - - 134 36" 

IIalf|gm 67 18 

AppaH diet. — Half i,um ^8 49 
vA Sum 


013860 

000173 


* *„ 

* t 

#r™ r 


#• It)*. 
k) COS. 


t 


'M' 






* 

* 


- cos. 
Half diff. of the azimuths 


9 - 58648 * 
997615 
19-70%6 
985147 
44° 44' 


89 38 



The Mounf' ok the right (f the vertical 1 
circle of ©. difference of azimuths. - y 
The Qfa'ox the right cf the clevgfyn* 
remains from the south. - j- 

, * J 

Add - Th^Moi^ktain is 
iSudtract 180 


The observation was made after noon, consequently $ie 
was on the right of the boulh pole, vvj^i, in the present 
dtoe> was th^e elc\atcd ]X)le> but the mountain was also on 
the light Vertical circle of the sun, the difference of 

the azimut^^^hu&t therefore lie added to tlie azimuth of the 
sun. The sum 526S°«^1 / is an arc reckoned from die south 
pole towttK&.the west, or* in the same direction as the 
sun's azimuth. This arc being greater than 18u, termi- 
nates beyond the north. Therefore 180' mu$t be sub- 
tracted from die sum that ha# been found ; tlieh the true 
bearing of tbte mountain is north 82" 11' east, as shewn 
aWe. \ ft 

147. Astronomical bearing observed near noon are not, 
in general, susceptible of such accuracy as those which result 
from observations made when the sun is but a little elevated 


l % 
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above the horizon ; but they are always preferable to' bear- 
ings observed with the compass, provided the rules given in* 
ait. 141, relative to the cii&umstances under .wjitch the ob- 
servations ought to be made, are attended to.- * When the 
elevation of the sun dot's not exceed 40°, the error with 
wljich they ma^ be affected will never, %e more than 6' or 8'; 
and if the sun’s altitude approach to 0CT, the erriofr will not 
surpass 12' or IV.. It may no^be us^Kto remgljk that 
the.. "errors will, t . almost alway#, be mufirless than the 
quantities here assigned them i&fj w , ' $ 

148. When astronomical are to he <: employed hi 

the construction of hydrogra^hiicm or tn&rine charts* ad ob- 
ject must, be chosen on the shore "which is best defined, and 
most '^dvantageously situated with respect to the vertical 
circle of the s,un and the hearing observed. Now r ,1$ien1nm 
observation is made, several observers should" t$ke the angular 
distances between the object fixed upon, ial] the other 
objects that tyre to be placed on the chartf with reflect^ " 
instrumtrtb‘ It will he easy to conclude, all these 

angles, the bearing of each particular object. The errdrs in *’ 
the angidar distances, measured with octants or common 
sextants, will never be more than 1' or 9J. ^Bearings ob- 
served in tliis manner, will therefore have nearly the pre- 
cision of the astronomical bearings from which they have 
been derived ; and the charts constructed from thesjte bearings 
will consequently possess very great accuracy. , * 

149. Circumstances do no! always jt^fiit astronomical 
bearings to be observed ; then we dire obliged to take the 
bearings with the compass, fifut in this case the following 
method should be adopted': it possesses the advantage of 
remedying a part of the imperfections of which lx-arings 
taken v'ith thfe compass is susceptible. It may be supposed, 
from what hasbeen said, that the declination of thfe mag- 
netic' needle has been determined as accurately as possible 
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by the method explained in this chapter. Choose a very 
distinct object, and sufficiently distant thatj|s bearing may 
not be sensibly changed during the short thpe occupied by 
the observation; those objects that are seen very, nearly, 
either before or behind the vessel, ought to be preferred. 
Observe, first, the bearing of the chosShijobjeet with the 
compass * then derange its sights, ftn^tfcke la second war- 
ing. „ Three ontfeur observations may bg^Uken in the sspne ' 
way, “and thert|p3l be obtained from*|h6 mean of all these, a 
final bearing, which will ^sjte;h more elfact than if a’ angle 
observation only had bcl$P|j^. s While this bearing is taken, 

' other observers slu^d nw#n®re, with reflecting instruments, 
as iit the preceding case, the angular distances between the 
object fixed upon, and all the others W&ich are to lie inserted 
^ythe^bart ; these angles will give the bearing of each of 
the objects ^J^ggjrticular. The distances may be 

cpnsideredii^^^: exact ; since tfo$ei$ors of ail the bearings 
’will be nearly’fhc fame, -and conse^ently will havle little 
influence on the relative positions which wcif '^^b'ed from 
heal ings: . ^ 
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NOTES. 


The objetS; the prec#3^fl^^!ati se was Aot to sho^ the 
manner of making astronomical Observations at sea ; but to ex- 
plmffr at some length the methods of calculating thejn. It was 
thought requisite to add to the rules that have been prescribed, 
emfe' eluddbsticms proper for facilitating their application. It is 
with this view have endeav<a^d^explair^ by^fch sim- 

plee reasonings al^night be understoo4^ «ll classes of reader*, 
thi^different mips *fhat are derived fH^ the elementary princi- 
ple# of but it was indispensable to rrfert%^jdemoiv- 

Stations which involve the more complicated theory of spherical 
tritogles, to„the end of the work; and this is the place for fui- 
filling the riagag#p*ent which has been made, p It shall.be shown 
how the forthuJa? are to be found, according to which the dif- 
ferent calculations of the various examples that have been giVen 
are performed ; then the principles of the construction of 
the new for referring an altitude taken in any place to 

another place a little distant from the former, ai^ situated 
under the same m4$||lian, shall be developed. It will be seen, 
and perhaps not without ftrterest, that these tables may also bo 
used for correcting the observed altitudes of the sun and moon, 
in order to obtain the reduced distance of these two bodies, 
upon the hypothesis that the earth is a spheroid flattened at the 
poles. We shall give, lastly, a demonstration of a very .simple 
method, which has been mentioned in the 2nd chapter, for cal- 
culating thq inclination of the visual ray, when it meHs the shore 
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NOTES. 


: by which the hortean is bounded. This will explain the rea- 
sons which have caused it to be used. 

Letz n no figs, 1, 2, be the meridian, z the.^w^ and h o 
the horizon. If p be the elevated pole and c o the eqn\tor, the 
arc po will be equal to the latitude, and z v will be its cofltfple- 
merit; to 90 °. Suppose the sun to be at ihc point s<wf the paral- 
lel to the equator rv, the arc p f wih bc the diatju^^ithe sun 
from the elevated foie, amPfhe arc fi >vili fee his aTtitudie; con- 
sequently s z, which is his zepilli distance, will be (lie comple- 
ment of liis altitude. The triangle zps is formed by the polar’ 
distance s p, and bv the sidegz p and z s whichtare the com- 

i » * A t / Jd 

plements of the latitude add attitude. It outfit to be observed 
that the aijgle z p s, formed by the circle of i)egj$uation s ^hm’d 
the meridian, is the horary angle of the sun s : the angle pz s 
formed by the vertical circle and the meridian, U |J|f azimuth ; 
lastly, 4wf angle z s p, formed by the vertical citric / ^ and the 
circle of declination v % is the angle of variation* Whetlugr it 
be required to find the horary angle or azimuth of a , 

body by an observation of its altitude, or to calculate fliVc #1*1^ 
tilde frorb ithe horary angle, or the Latitude with the angjtf^if 
variation, it is necessary to resolve the triangle s £ p. *'\h 

Call the altitude si of a heavenly body h, from 

the elevated pole n, the latitude po call l, anct\et h denote the 
horary angle z p s-, a the azimuth r / s, and v the angle of 
variation z s p, which will give denominations to all the parts 
of the triangle zps; and these are employed in the following 
calculations. 

Trigonometry teaches the method of finding a great number 
of different formula?, any of which would be proper ior calcu- 
lating one of these six quantities when three of the others are 
given. Of these known,” methods, those have been chosen, 
which are generally ^regavded as the most simple; and new 
ones have been introduced, only when they appeared to be still 
snore proper than the old ones, either for simplifying the calcu- 
lations, or rendering the operations more uniform. , 
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NOTE I. 

Calculation of the horary anglr 

. , -v 

We hgve gteiierally, in the triangle zps, 




cos z r s — - 


cos z s — cos p z.cos Vs 


sm p z.sin p s 


but z^, z s ,90° t zjjgs 90° — i^*&nd ps=.d; we 
shall tlietefore havelbe following equation ; 


sm n — sin l.cos i> 
COS h — ~r^ - r ", . 

''7 ^ coe Xi.sm n 


' According to the rules of trigonometric 


V 


afrd 


cos A = 1 — 2 sin* i h 9 
siir%.cos X) = sin (l -f- d) .-*.*cos L.sin t>. 


7 Substituting the preceding equation tlicir values for the 
cos A, and the sin l.cos d, we % sh:dl lia'jfe, 

’♦S-P 

' +■' " * V- . . 4* r 

: -4 » i , sm (l + i))-sm l 

4St 9 sm* ] h — i-— — 


& 

Blit, , 




cos L.sin i) 


sin (l + n| sjft ii =r 2 cos i (l + d + h)* sin \ (l -p d — n) j 
from which it- follows tliat 


fctn 5 


i j t — cos i ( L + D + lr )* s * n • ( L jr 11 -7 h) 


COS L.Sill D. 


otherwise 


( /L-frD-fHX . /L+n— H \\ S 

cos (-± — ^ ( o - -“ )) 

cos L.sin n > 

* > r 

The rules in ai*t. 75 are derived from this formula, which is 


* See art 
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Bor<la*$ The aifD^f number of logarithms are required as by 
^ the other meUid8&p$>ut the preparation for the calculation is 
rather more simple. 


NOTE IL 

Calculation ofJhe Altitude*. 

The equation of the preeecJiUg problem, 

'* ' f * **p«2Lf *'"/*'■ rr 

, 4 sin ,0^<WVc§# D 

cos k — — j , 




cos L.sm n 


gives us 


sin h = sin L.coslo jC ccr A. cos L.lin tir; 

t> fc T 


but cos A =£ 2 cos* * A — 1* and by substituting this value m the 
equation we liave ^ 


sin h — sin l.cos n + w ~ co ^ i A.eos L.sin d 

*< • 

or else 


d; 


ip*’' 


^n h — 2 cos 9 1 A.eos L.sin d — sin (5 — l). pp 
But on the other hand. 





sin h = 1 — m cos* I (£ 


and 


fit 


' sin (n — l) = 2 c;;>° !, (Q0° — o — Ty — f; 
Substituting these values in the preceding equation, we have 

cos 7 i (90°4 ii) =.cor* * (f)0* — n — l) — cos 9 1 It A>w L.sin n ; 
from which we obtain * 


l 


and 


sin, m = 


*JT 


c os ^ A, (cos L.sin n 

£os i ( 90 ° — dZ-l) 


COS * OXTrf Ii) rr COS § (90 — I) — i,).cos m. 

1 


* See art {JO. 
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Borda HW givtfn, in his Treatise on the 
following formula? for resolving the same 
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'ing CMitc, the / 


and 



ig M=r 


sin \ //.(cos L.sin d) i 
sin 1 ( 90 ^— l + 


— o 


sin H90° — n)= 

It ouglrtgfeoycver, to fee obadr^eel tijiarthe sin f(£)0° — «) — cos} 
*|f t Q0 3 -f- h) ;but the altitude is m or eerily found from i ({K>° -f- h) 
than from } (90 & — *h), and this;is one of the advantages of the 
formula which has ^been adopted. "Then, according to the pre- 
sent, arrangement of the calculaiion^we likewise obtain, the 
).cos m with greater facility than 
sin ; (90 0 — l -f- d) * 

cos M ^ ’ ( % 

the mejjiod which >vp have adopted, therefore, simplifies the 

a little, \ ^ 

NOTE III. 

Va 

//?’o Altitudes of the Sun taken out of 
the interval of time between the observations*. 

Let s, fig. 1, and 2, be the place of the sun where the obser- 
vation of the less altitude is taken, s' his place at the instant of 
the greater altitude. Suppose the two places of the sun to be 
joined by the Sire of a great circle ss'; preserving the denomi- 
nations that havfehecn adopted, and denoting the greater altitude 
s' f by if, and, the interval of time between the observations, 
reduced into degrees by A The angle s p s\ formed by the two 
circles of declination, r s and ps, isnecjual to t, and the arc of 
the great circle s s' is the distance of the^fvo places of the 
sun. v . . 

This being supposed, in the triangle s p which may be con- 
sidered as isosceles for abridging the operations, calculate the 


-4**r- 


- * See ju t. 67. 
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distance s s', mid the first angle at the sun p s s' formed by^this 
distance, and tj|%c3rcle of declination corresponding to the less 
altitude. In the triangle z s s', there are known the three sid$s, 
one of w hich is the distance of the two plai^jLof the sun, and 
the other two are the complements of the observed alti- 
t udes ; we cal', therefore calculate the second angle $un 

Z s s', formed by the circle of the distance and the sun's Vertical 
^circle at the time of observing altitude. The difference 

of the tw r o angles^ at the s s', fig. 3, otftheir sum 

p s s' + z s s', fig. 2, is the arigfe t i on z s pltlf the triangle 
z p s, w hich serves to calculate the side z p, or the latitude. 

Distance of the situs places^ and Ihcjirsi angle at ihc sun. If 
we suppofc the two declinations to be the ^ same, the "sides f s 
and ps' will be equal, 4$rid the triangle * p s s' will be isosceles ; 
then, by tile: common rules of trigonometry, we have 

* •;< ^ 

sm |^s'=:sin I /.sin d, 

‘ and " * V, 


tang p s s'— 


cot \ l 
cos d * 


These are the two equations from which the distance § s r and 

tfie first angle at the sun p s h' are calculated. < 

Second angle at the sun. In the triangle z $'h, we have the 

equation * : " ' ' * 

, cos z s'* — COP z P.cos s s' 

’ 1 COS Z S s'— ; * 

sm :: s.mii s s 


If w r e employ the denominations that have been adopted, this 
w T ill become 


cos z s s 


SITi II $111 11.008 SS 


cos li.sm s s 


but 

and 


— 2 sin y \ z s s', 


r 


sir! mcoaff^kr. sin ($ H- s s') — cos H.sin & s f . 
Substituting these values of the cos z s s', and sin h.cos s s' 
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in’ the preceding equation, and making the rtefce&iary reductions, 

we have « l * v . 

, A ' sin (h + ss') — sin h' 

*2 Z S S> ZZ — — ; — * ^ ** 7 —— — . 

f( j§»c cos H.sm s s 

We have also " ® . 

, , ■■ ^ 1^1 

siu|ft,4- s s')— sin n'— 2 cos ’ (11 + s s' + n').sin \ (n^ ss'_ h'), 
therefore 

2 sin * f»zss '— 2 T S , C ( H i fo + s B Zlg). 

> 7N . ;* 1 ■/; ; cos n .sin s s r ^ 

, *, ■ 

or else ‘ * 

. ».<=(■*• c + r 

* V * COS ll.sillf&h' / 


SIU>> 

^ -H 


This formula** by which the second angle at is found, 

is analogous^ $p that by wliicli the horary angle is calculated. 
The given 'qffluBtities should be disposed in the same maimer, 
and the preparation for the 1 calculation is as simple. 


Ifttijm ik * The triangle zs r gives us 


cos zr — cos i> <-,ons z s' 

cos fs z ~ . - . - , 

sm b.*m s z 


1 'V ' sin L — coHOi.sin h 
cos v = — — — — — , 

sm n.cos 11 


• Vo j n whicli wc obtain 

f 

Sill ' h rr COS V.sill D.COS II -f* COS D.S1II II. 

It is known that cos. v — £ cor ■ v- 1 , and by substituting 
ti.i^ value we have 

sin i. — C Z cos' \ wsin d.cos hi sit^ j^o — n) : 

hut ^ " 4 \: -• 


sill 1 . — 1 ra*M (f)0' v 


sin (n !!) zr 2 cos“ 5 : (SHI — n — 



.NOTES* 


168 

Hence by the 
sin (d— h). 



itution of these two values of mn* l, mk& 
have t 


cos 8 1 (90 0 + l) = cos 3 i (90 — v — h) — a 
from wh^h we derive 

* % 

cos pv,(sin o.cos h ) 




„ , * 

O.COS H ; 


Sin M : 


and 


m 





cos^ (90* 4 . l) 1) — h). 

This formula is analogous to that for calculating the altitude* 
and consequently possesses the same advantagls* 


5* 




* L% ^ 

NOTE IV. 



'vm 

Sun or a 


Calculation df the true (Usance between the 

Star * 


Let z be the zenith, fig. 3 , z h the moon’s vertical circle, and 
Z o that of the sun. If l be the apparent place of the 
and 1/ the true place ; also if s be the apparent place of tile sun 
arjd s' the true place, sl will J)e the apparent distance, and § u 
the true distance. Call n the apparent aititihle 11 l of tliie 
moon, and h' the true altitude ; b the apparent altitude of the 
\qwty and b' the true altitude; A the apparent distance, and %r the 
true distance required. ** 

This being supposed, in the triangle l z s, forced by the ap- 
parent distance of the two heavenly bodies, and* the apparent 
zenith distance of each body. we have 

f 

.** cos A — sin h. sin b 

COS Z =z . 

COS 11 .COS B 

In the triangty^#’s' composed of the true altitudes and the 
true distance, 


4 

* Sti€ art 113. 
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therefore 


b< 



co,z= co ‘— r 

COS 11 .COS B* 

H.sin b. cos jr — sin H'.sin b' 


h.cos o. 


COS h'.COs 1 T~ 


sin H.sin b, = cosk^os a — cos (h 4 . b), 

aiul 

Instituting fhese values sin H.sin b, and of sin m' 

sillvii', we shall have 


* 

y jgpg A + cos ( n 4- b^_ cos x 4* co s 

** IUCO& B 1 


* COS H.COS B 


and 


cos x : 


| cos A -f- cos ^j*+B) |—$Ls(h' 4 - bO-* 


We know|Shat 

£©* AV COS (h f b)=:2 COS I (n -f- B 4 - A) COS § (h 4. b — a), 

t 

cos (il' 4- b ) = 2 cos* § (h' 4- b') - 1 , 

cos = 1 — % sin* j j, % 

By substitutirtg r &^C Values in the equation, we shall have 
»mH*=«*’KH'+ B') ( ‘°^ (»+J+^)f OS JL H +g-^C6 8 H ^, 

7 COS II. COS B. 

Now making" 

( cos \ (H4. n 4. A) cos § (h 4. b — A) cos 11'. cos b' Y j 

~ * COS H.COS B J 


sin M =r - — 


' COS H.COS B. 

cos i (h' 4* b') 


we shall have, lastly, 

sin \ x = cos i (h' + 

f 

This formula is known by the name (M^urdcfs; and is ge- 
nerally used when the tables of common logarithms only a ve 
employed. 



160 


rJl-S - 


NWTES* 


NOTE V. 

Calculation of the Sun's Azimuth and Aifl^Mer 
The £riangle p-sp, fig. 1, and 2 , gives us the equation. 


& 


m 

but 

and 


cos p &P- cos p z.eos s z 

cos p z « = 7 *• . , 

sm p z.sm s z 

i ** cos n4>iib t.nn h 
COS A = - 


*?■ 


COS L.COS H 


COS A ~ 2 COS' 2 1 A — 1 , 

4 

Min H = cos L.crfis h — ct>k (l 4- n). 


\r^ , 

’•V 

l) k 


Substituting t^ese values of the cos a and the Sin L.sin h, m we 
preceding equation, we have 


2 cos® i A : 


cos d -f cos (l -f- h) 


COvS L.COS II. 


According to the known rules, 7 

cos d + cos (l + h) = 2 cos { (d 4 - l 4 - h) cos i (l 4 - n — x>), * 

we have therefore 


ft 


cos 


,11 cos Ud + l + h) COS <(' + «—») ,, \l- . 

" 4 A ~ T^r, 7 , »* ■ 


or 


- COS L.COS u. '!*$**' . 

’’Att . 


cos 


i *= C COS (— COS )") 

^ COS L.COS H. ’ S 


This formula is extracted from Bor das Treati se on the reflecting 
circle. It appears from inspection of figs. 1 and 2, that the 
angle pzs is always ^formed by the vertical circle of the sun, 
and that part of tb^^jmeridiaj^ adjacent to the elevated pole. 


* ^ce art 132 . 
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lisas the calculated azimuth a Ought, 
one4 from tfie pole which is above 
ohservM in a*t^$2. • % ■ ' 

Let the &0£mtu be resumed. 


'“rawes,' 'to be feck- 
rizon, as he» been 


COS A = 


cos p — sih L.sin h 
»IcOS L.COS U * 


. J’rt " 

Supposg that the sun igi^i cfeeborizon, then h becomes eqi^al 

to ixot^lfl^wos H = 1, -*»4 f; * *?. 

• ' ' ' * ' 


„„ ; • cos n 

COS A = V . 

COS h 


If|^e^clinafik>n d be employed instead of the jjplar distance, 
we haJalfhi d — fo > s ^ On $*e oth|r hand 90°-— a or a — Q(f 
is Ib^unplitude' of the heavenly body, we shall Jjjtlrefore have 

sine amplitude^ 

COS L 

* ** 

This is the formula that has been employed in calculating the 
amplitude of the sun. (Sec art. 136.) K 

The rules which have been given in art. 14?fi, for calculating 
the sun's azimuth by means of the horary angle, and derived from 
Napier’s two well known analogies, which serve to calculate one 
of the angles of a spherical triangle, when two sides and^their - 
contained angle are given. Iii effect, in figs. 1^ and 2, in the tri- : 

r ' " # " ^ r ' ^ r h 

angle Pfc®, knowing the angle zps = h, the side’ p z = 90 — 1» 

and the side ps = d, we liave 

• » ^ 


and 

V- 


. r / N . 1 sill h {90 ' — L r\s U) 

tang l (a rv/ v) = cot i k — JL 

* a? , sin 5 (yo _L + D) 

M V * 

. ^ 


, , . . ,'cqpl (90 "— l ~ d) 

tang ’, a + v = cot j h ~~ — • —=*«=—- - 

“ COS 4 (^ «4.,+,D) 

w<4*, ■ . 

When the sun passes the meridian towgjfjjRftlie depressed pole, 
fig. 1, a is greater than v, and we shall have 

A = 1 (a-v) + j(a‘+ v), 

M 



.JOf jmmi- * 

tiaeih, the equal to the spm of the fin*4iul ce&md 

angles. 

If the sun pass the melidian 'Awafds the elevated pate, fig. 2, 
jl is, on the contrary, less than v, and we ehall'lhave . 

* A BE 4 (a + V^w*. i (v — a), 

that is, the azimuth is equal to the difference of the first and 
*^peeond angles. It ought to be understood, by inspection of figs. 
1 and % that the angle a is always reckoned, as in the ^a?eceding 
calculation, to commencoat the elevated pole. „ 


NOTE VI. 


* 


Calculation, of the difference ietimen the Azimuth of the Sun and the 
■ Azimuth of a terrestrial object* '< *V‘ 


Let s be the sun’s apparent place, m the summit of the moun- 
tain of which *4lie distance s m from the sun has been observed. 
Let the apparent distance s m be denoted by A; the apparent 
altitude sh of the sun by and the apparent altitude of tfee 
object M, by o; also let z be the difference of the azjjsftuths, 
or the angle s z m. In the triangle z s m, we have 


COS SM — COS Z S.<?OS Z M 

COSSZMss . . -Jr 

s.sm z\u f 


or otherwise, 


cos z = - 


sin z s.si: 


cos A — sin H.sin o 


cos h.cos o 


but 

and 


% 

cqs 2 cos, 2 ( | z — 1 , 


sin H^sin o'^cos h.cos o — cos (h 4- o). 


Substituting these values, we have 


COS H. COS O 


* Sec art, !4£. 





Noras. 

Accandfog to the rule* of trigon,o: 

COS A -y cos (h + o) = 2 COS + H + o) .cos i (H + o 
we shell therefore have 


COS* i z~ c — i + ** + °)- COS i(H + O - A) 
COS II. cos o 7 

and finally 

/A+H;io\ / A + h 4. o v 

cos ( — 1 cos ( -&L — ,ZL — * 4 

V 2 / v g 


cos h.o6s o 


.This last formula is Bordets; it is analogous to tha| which 
calculating the sun's azimuth by means of his alti- 
tude. # Tfie quantities that are^equired to obtain the astrono- 
mjegl bearing of any object from it, may therefore generally be 
foitnd by two calculations very nearly similar. 




NOTE VII. 


Principles of' the construction of the Tables Jar Jin ding the correction 
of the less of two altitudes , taken end of the mcriduin, in order to 
Jind the latitude. ■»' 

I,Et a be the azimuth, the latitude, and h the altitude qf the ^ 
sun, Ijfi 1 H be the change in altitude aiis\vering4o admail change 
in J%, we have, by the known rules, = + $ l.cos a ; 
the sign $$kms is to be used when the sun passes the meri- 
dian towards the depressed poig, and the sign plus when 
passes it towards the elevated pole. In. fact, in the first case, 
fig. 1, the angle a is greatei^ than fip^d its cosine is negative ; 
in the second case, fig. 2, the angle jt/is less than f)0°, and its 
cosine is positive. Now, if the efFeiJb wliich the change of lati- 
tude ought to produce upon the meridian altftt.tde of the sun be 
considered, it will be seen that the errors multitude, when the 
sun is above tli£ meridian, take place in the same sense as those 
of the meridian ‘altitudes; hence, if the azimuth a be reckoned 
to commence at the side where the sun passes the meridian, we 

M *2 


* 



' ifel S«WM# 

6hall always hate ~diff. g mtrid. ,aU. x cos a. JltuHt^tle 
cBange in latitude increases the mferidiatt altitude, the value of 
}a must be added to the Sbsefved altitude, and aubsrSctedf in 
the contrary case. When it is gseater than 90 * the cosine of a 
becomes nejkive; then hi shotfld employed with a differ- 
ent sign from that of the variatioit;of the meridial altitude. This 
last distinction of case niiy be made to dis^pear, by employing 
lit the cos Aits value 1 — vers a, and we shall have £ h = diff* 
merid?MlL — diff. m&rid . alt . x vers a* When a is less than 
the versed sine of a will bg less than unity, and the correction 
will positive, l^hen it is greater than 90 °, the vers, a will 
be greater than unity, anil the correction will be negative. 
Tables* XII and XIII are intended to calculate the versed sine 
of a, supposing this angle, as already observed, to be reckoned 
from the side on which flic sun passes the meridian. * 

» Inatead of the polar distance which has hitherto been used, 
the declination^* the sun may be employed, and let d this 
element. The triangle pzs, fig. gives 


vers a. — 


cos ^ l ^ h) — sin d 
cos L.COS Ilf 


* When th%0ecf$ nation is of a different denomination from the 
latitude, tlic si iT d changes its sign; we shall therefore have 
generally 

cos h) sin d 
v vers a f -i- - 

a)S L.COS U.,* COS L.O0S U, 

M •* * _ -f. 

The upper sign takes* place when the declination is of the same 
denomination as the latitude, and the lower sign when the deno- 
mination^ arc different. 

The left hand page of Table XII, contains the first term 

^os (l ~ H ). p (1 j s tabic must be entered with tiled atitude L, and 
cos L.COS 11 ' u 

die altitude n. The right-hand page contains, under the term 
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argumen^he value of the denominator cosl&osh ; and it js with 
the argun&nt and die declination that we find, in table XIII, the 

value of the second term — ^ 

* cos L.COS H 

The angle a which is obtained from the precedin^ormula, by 
calculation, is to be reckoned Trom the elevated pole, but ac- 
cording to What has been said, the azimuth should be reckoned^ 
in all cases, from the side on which the sun passea^the meri^liarfr 
which is sometimes that of the elevated, and sometimes lhat of 
the depressed pole ; this is done in following manner. 

For the sake of abridgment, make ♦ !¥ 


cos (l 3&h) __ 

COS L . COS 13 ““ 


and 

COS L.COS H 


w shall tlien have vers ArP + s. 

If the declination and the latitude be of the same name, and 
the declination greater than the latitude, the suj^asses the me- 
radian towards the elevated pole : then we have 


vers a =r s. 

n 

When p and s have been found by the rules in arh 40, the 
second term must be subtracted from the first 
III the case imwhi^h the latitude is greater than the declina- 
tion, the sun passes the meridian towards the Repressed pole, 
and versed sine of the azimuth, reckoned £^if%iis pole, is 
2 — vers -fty' we have therefore 


2 — vers a — 2 ~-p -fi ! s =zr (2 + s) p. ^ < 

The first tej$unust be subtracted the second increased 
by 2 units ; as before specified. 

When the declination has a denomination different from the 
latitude, the? sun parses the meridian towards the depressed pole, 
and we shall have 

f 

2 -If vers a = 2 — -p — s ~(2 — s ) — p . 

In the second part of Table XIII, in which the declination 
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. and latitude are of different ,, kinds, we have to & — s 

instead of s r by this means, the first termlnust be subtracted from 
the second, but it is not Necessary to increase the second tern 
by two units. 

What we have called the multiplier of the way made in lati- 
tude is, therefore, the versed-sin^ of the sun’s azimuth reckoned 
from that side on whidh his passage over- the meridian takes 
plgce: the arc which corresponds to this versed-sine is found in 
Tabl|XIV. » 

Tables XII and XIII may also bo used for correcting tlie 
altitudes observed at the same time as the distance of the moon 

H V 

from the sun or a star is taken, in the case in which the reduced 
distance of the two bodies is Required on thtffiypothesis that the 
cartels anobl&te spheriod. According to what hah been said 
in art. 122,* it is sufficient to calculate the altitudes with the la- 
titude of the place where the distance was observed, diminished 

3 ? ~ 

by the angle at the vertical. Hence, if die altitudes have been 
obtai^d directly from observation^ tliere must be added to, or 
subtracted from them, the quantities by which they ought to 
be increased orftJiminished, on account of the decreasd in lati- 
tude, wl]$ch will be equal to the angle at the vertical. In order 
to render the use of Tables and XIII uniform, it will be 
necessary to consider whether * dmiinutionin the latitudegfifae 
place where the distance is observed, tends to augment orxli- 
minish the u$eridia.n altitude of the heavenly body, tile altitude 
of which is to be coriected. Then, the operations, relative to 
the angle at the vertical, a**e performed in the same man- 
ner as recommended with respect to the change of latitude 
which takes place belween the observatioitf of. : fthe altitudes 
taken out of the meridian, in order to ascertain the latitude. 
There will, in this case, be obtained, the corrected altitudes, by 
which the true distance Of the bodies is found, on the hypo- 
thesis of the earth being a spheroid flattened the poles. 
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NOTE VTl*. 


" 'HJt W 

Means of calculating thi i inclination of the visual ray meeting the 
Shore by w)ii$h tfe Horizon is bounded. 

jt *# 

Let a fig. 5, blk portion of the earth’s surface, and a the 
point of the shore which bounds the horizon where the vertfesil 4 
circle of a heavenly body meets it. If from the point nf4rhich 
is elevated by a quantity equal to b the altitude of that body 
be observed, and its reflected image be brought to coin cid^ with 
the point a, the inclination of the visual ray b a, whijph it is 
required to find,®%ill be equal to t life angle l b a, wHSMi this 
visual ray makes with the horizontal line l b. Whdhlhe distance 
a b, or arc'AO, is unknown, the angl£ lba must oe obtained 
as follows. — While one person observes the altitude of the body f 
at the point b, another is to observe thejiltitude of tile same body 
from A, at a much greater elevation than b; tlie different^ bf the 
two heights b o and b o, as well as that of the two observed An- 
gles will serve to find the angle £% a.^ 

Let i denote the angle l b a, or the correction of tbeobserved 
altitude at b, and i the angle Ifk ^ or the correction of the alii- 
tg|d^>hserved at ^ Let A be the elevation of the eye, BO, 
aim J } the elevation b o. Draw a d perpendicular to the radius 
c o, which is produced to b. This being sugpoSfed, the right 
angled tangles A a d, bad, by the rules of trigonometry, ^ivp 
the two following equations : ^ 


rot x> = tang T = ■ 


A * SB 

cot a b i) = tang i = — ; 

A D 


from which we pbtoin 


. An — Bn 

tang i — tang i as * — ^ . 
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IDO , <n 

The angles i' and l never ^exceed a very small^nwnber of 
min utes ; <we sh^Jl therefore sensible error*', - 

* ' *t h ._ h * 

* sin 1 * 

A D 


and 

*• ' ■ - 


t k'm 

AX) -^in » ’ 

bait - ' 

a 

• w > 

BD BO-f DO A + HO 

tan# 1 T 1 * 

AD AD f AD 


lytr; 


(M**the other hand, taSig i = sin l'xi, very nearly, we shall 
therefowhave ,, 

■ 0 h ^ 

- + 




D O 

sin 1 ".a d ~ r sin l '.A d ‘ 






It ought to be remarked that d • is the versed-sine of the are 
a o, of which the sine j^n is known ; we must therefore sufe- 
stitutefor » o its value Ht a function of a d. 

Supposing the radus equal to unity, we have, by the knowu 


rules. 

’1 * 

A O* A O 4 

vers A 0 zr — — — , 

and 


rin' a 0 

A 0 =r MU) A 0 A . 

1 Ch i 


Substituting the value of a o, given by the second equation, 
in the expression for the versed-sine of ao, we riiall have, by 
neglecting tlie terms above the fourth powers, 


vers a o ; 


rin 9 a o 3 sin 4 a o . 

: 2 * 2T 


Let a be the radius of the earth, and substitute no in the 


# This supposition is $u*hiuch the mnre admissible as it required to 

find the angle 1 to within some secondM>f the truth 




' XOTES. 


preceditggi equation instead of tlje Vets a 
the sin a oy and tve' sittdl ha*<^ 


o/Hud 


ad’* 


D* 


m 

*j> instead of 

& - 


X) o = — - — . 

• ^ $Ji <*» 

But we already have tjge equation 


r=j 


A 


,D O 


sin 1”.a d ^ sin 1 ".a j> 


substituting heise the value of d o, and it will give 

f 


|z= 


h 


\ D 


A D 


fc(Ut 


sin Lad Si .sin 

s 

f 

A D =r 


1" ahyin i"’ 


« 

; - 

’ * 


n 


i* 


sia r (i* — i y 

r 1 

the preceding equation therefore becomes ♦ 

. ; i01- 0 . »*-» ♦ , (*- *) » 

h'-h + a a. sin’ 1 (Y_ i) 8 a 3 .sm< l". 




The* value of the third term of this equation will always be 
insensible, and we may, in all cases, coniine ourselves to the 
calculation of the first two; we , shall therefore have 

t ' I = h'-h 

H — k T c 2 a. sin* — i) 

The "first term may be calculated by a simple rule of propor- 
tion.. As to the second, it would be easy to construct a small 
table of two argument^ and with the difference of the two 
heights of the, ej*e, and the difference of the observed angles, it 
might be foalnd, without being obliged to take proportional 
pans. The second term might also include the advantage of 
enabling us to correct the inclination of the visual ray b a for 
the effect of terrestrial refraction; for we have 

ipi a o — sin T, a o; from which a o 


or 


40: 


A D 


sin 1 


If it be wished to have a o in parts of the circiun** 
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; fra# which it fol- 


ference, a d mu&t be used id parts of the radius; then we hmn 

if 

\ o = — ~-~r, or* else ao= : — c ’> fro& which it fol- 

a. sml -it. sin 1 1". (f — i) 

lows that the second term of the value of the depression i, is 
always equal to half the terrestrial arc comprised between tile 
observer and the point, of the shore td which the reflected image 
of the sun is brought: hence ;we might subtract from this half, 
tile necessary quantity to tiave the refraction corresponding to 
the whole arc. * 

Resume the equation from which the value of i has been 
obtained. 

h (x - 1) 1 (fr-ft) 

1 ~ i?‘ — h ' 2 a. sin 1 ! ' * (i'_i) 


. , i 

~ n'—h 2a.sin s r ^ 


By* adopting the differential method, and rej 
(i' — i) as variable quantities, we shall have 


i and 




H a. sin l (f — 


The error of the first term will be less as K —h is greater, or 
as the point K is more elevated. The contrary will take place 
with respect to the second term: but as tins terra has a contrary 
sign to the first, the value of the error of i will be, in all cas^s, 
diminished by that with which this term is affected. It may 
therefore be concluded, in the first place, that the second term 
must never be neglected; and, in the second, that one of the 
altitudes should be observed in a very elevated situation, 
of the observers should therefore be placed upon the deck of die 
vessel, and die other at the top of one of its masts ; then the 

quantity v, !t - may be equal to 1 or ~ , and die error of the 


angle i will alw r ays be less than j £ (v — i) or i $ (V— i). 

The altitude observed at the lower station may be obtained w T ithin 
about l'; but the observer placed at the top mast, where the mo-* 
tion of the vessel is more sensible, frequently cannot observe the 
altitude within less dian 3' or 4', It may therefore be supposed 



tfOTES. 


171 

that the errflr of V — i is 4';, then that of the angle i, of of the 
depression which would ;be obtained from the palculation, would 
be ^ or | ol^a minute^ wliich is iequal to 48' or*40". When- 
ever the distance from land exceeds a league, there will not be 
much advantage in usings this method. And it ought to be per- 
ceived that it must never %e employed determining geogra- 
phical positions. #, ^ ^ 

The circumstances which it appears at first ought to bp most 
advantageous, arc those in which the vessel at least two miles 
from the shore; now (a' — i) will then become greater, the error 
increases in proportion, and may even^fee more than a jfcinute. 
On the other hand, at a small distance from land, the undula- 
tions of the shore become sensible, arid the two observers would 
be expp§g£| to the incun vcnience of referring their images of the 
sun to^iiadifFerent points, which might both be out of the ver- 
tical circle of the sun. Itf^ia difficult to value the errors*witih 
which i* — i, and the altittftle itself, might be affected, in this 
case; we only know that they might be very considerable, and 
render the results \ cry defective. It was chiefly this last cause 
wliich induced us not to give, in the preceding treatise, the 
method of correcting altitudes observed near land/ by simulta- 
neous observations made at very different elevations. Besides, 
reappears that the difficulty of taking observations in places so 
elevated as the top-masts of a vessel, has deterred navigators ; 
and they make very little use of tins method : they prefer re- 
moving from the shore, as has been recommended, when they 
wish to obtain alt ittacs upon w hich they can depend. 
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APPENDIX. 


'* Containing a series of practical Examples adapted to the 
various Rules given in the preceding treatise; and designed to 
assist the young Mariner in obtaining a knowledge of this im- 
portant part of practical Navigation., by furnishing him with a 
copious collection of exercises on the subject of Nautical 
Astronomy. 


PRACTICAL XXAM^LES TO 

CHAPTER I. 

* *r 

Convention of Longitude info Timr . Arts. 11 and 3 2. 

Example 1 . 

Required the time 'answering to 97° 55 f *$ 9 of longitude. 

97" r.r>' w 
Multiply by - - - - 4 
Product - 6" 30' 42" 36 

Then by dividing the thirds by 6, gives S6' 7 4 6 = *6", the de- 
cimal of a second ; and therefore (>'’ 30' 42 *6 is the time re- 
quired. 

Example 2 . 

What is the time corresponding to 141° 13' 51" of longitude. 

Ans. 9 h 24' 55 *4 
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TIM10 INfO lOpiJTUDE. 




Example-^. , 

;V l , 

Reduce 76° 43' 27" of longitude into timfc, 

H W G' .53 -8. 

* .f*. K ■ 

Example 4 . 

What are tfye hours, minutes, and seconds, corresponding to 
187° 54' of longitude ? „ Ans. 9 h 10' 3f>". 


( Conversion pf Time into Longitude. Arts f 13 and 14 * 
Example 5 . 

What is the longitude corresponding to 7 h "54' 32"*8 of time ? 
’ Multiplying the tenths of a second by G, to obtain tlie thirds, 
gives^8' x 6 = 48'", then < ’ 

0^ Dividing by 4), 54' 32 " 4^' '} 

'fr V Quotient - ’13° 2$ r 12" 

15 x 7 = 105 i 


Longitude required 118° 38' 12" 




Example (!. 

Find th^ipngitude answering to G 1 * 44' 10 ol' time.* - ; ' 

Ans. 101" 2' 30". 

Example 7 . 

\ if 1| 

What longitude corresponds to 2 h 3' 17^8 ? 

Ans. 30° *19' 2? * 

Example 8 . 

If the time elapsed fte 57^ 43 '-3, what is the corresponding 
longitude? Ans. 14° 25' 49*£. 


Declination of the Sun. Art . 1 G. 

Let t denote the time between the epoch in the Nautical 
Almanac preceding and that following the time for which the 
quantity is to be calculated! and t , the time between the first 
epoch and the given time. Also let q express the quantity in the 
Almanac, answering to the first epoch, and q the change corres- 



jDEejLINAXt^tf OSe^THE SUN, ITS 

y * t 

ponding to the time t ; then t :t::q: = the ch&isge an- 
swering time t ; and consequently the quantity required 

will be equal to J§t 


t* 

no&n 


— T 


-where tlie sign + igenfen* 1 used when the quantity q is increasing, 
and the sign — wliei^/t is decreasing. This simple formula may 
easily be remembered, and will render it unnecessary to refer to 
any written rule. 


Example 9. 

^ViTiat was the sun's declination on the 12th of January, 1814, 
at 10 h 20' in the mcpM^g, civil time, in west longitude 63^42'? 

First, 63° 42' — - 48", the time that the sun passes the 

meridian of (>3° 42' of west longitude after it has of 

Greenwich ; therefore when it is 10 h 2 O' in the morning 3c the 
former place, it is 10 h 20'^i h I*' 48" - 14 h 34' 48", or 2 1 ’ 34' 48" 
after noo^ civil time, at the latter. But as the astronomical day 
comrn^^$ t ^it noon, the required declination is for the 12th 
of at 2 U 34' 48", astronomical time. *; ^ 

V*'' t '* 

Sun’s declination 12th Jan. 1814, at noon. - 21" 42' l r ' 

Ditto - - 1 3th - (SiiblroM.) - 21 32 21 

Decrease of declination in 24 hours 0° [) f 55* 


In 2 


By proportional parts, and j 
taking only tenths of a second I 


SO ' - 

t 

3 % - 

1 


48' 


2 U 34' 48" 


O' 49"'(> 
0 12 '4 
0 1 *2 
0 0*4 

0 0 -3 

1 ' 3 -{) 


or V 4'n early. 

i 

The same result may also be obtained by the following pro- 
portion. 



1W , •' iv * " “ D»CI,lI#Xt)| 

' 



■4*8#: 2 h 34/ 48“ : :$ 55" : 1' 

New aS the deffin slipn is Hecriasing. th: 


subtracted 

* jtfK 

hence w 

**: 4 

Thede^in. 
Decrease in 
Declination 

Utr^K 

- vc 


V #<* * ,$*■' 

l, 12th Jan. at noi*| Iona 

^4>8 / 
ired 




^nttiriy. V 

must be 

V * 4X V 

* 

|fe° *2' 16" 


I 


1 



§y» theWdingW^ ^ 

= ^ V£ ? s, 

i ^ ^ > 


‘ * * a 

* As v lf m -troublesome to muhipta the second and terms of this pro- 

por^| together, on account' W ihl^Jfertat demnn^tilips they contain, the 
^operation will be facilitated tiy reducing the lower denominations in the second 


term to decimals of an hour, and tnose inthe third to decimals of the highest 
denomination it contains; and then the answer, or fourth term, the 

same nferae as ills third-. Tpin reduction is very easily raagje by ^d?v|lidf each 
lower denotxuuauo^by 6 and dhnex,tng the quWtica^ as decimal* |d jins next 
higher. i '" *' 3 0 g * ". 


Thus ^4'+^: 


« f / a 

:34 ' 8. and 2* 34' 8 = 2i> + 7^ = 2>>-58, 

W, 6 * 


and 9' 55'* 


55 


= 9'-92 very nearly. 


Therefore 24 b : 2 h *58 : : 9 ; 92 : 1' 3" 98, as before. 

* "% 

AsNome lqarincrs may prefer the method ot obtaining the fourth term of the 
proportion l>y the use of logarithms, with which tbyy are so hmnliar, ej^rnnlly 
when it is thbugbt neqfssary to retain tliree or four decimal places in either^^, 
the factors, it is proper to observe, that tins may be expeditiously doqe byitlse 
following simple rule ; vi/. ^ $r 

Add the logarithms of the second and third term* to tin* cdhstanf logarithm 
— 2 # fll9f883, ,wt»un the quantities in the Nautical Almanac ore calculated for 
every $4 hours, but to — 2 9208188, when they ar^vakulated* for every 12 
hours. „ Thus, in the above example, 

Constant Logarithm ^ ^ — 2 6197888 

Logarithm of - ?\58 - 0*4116197 

Ditto of - <r02 - •* &#(*> 117 ■ 

Not. ftumb. 1' 0864=4' 3"9B .Sp.0i7S>‘i0i 
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or J' 4* near] 
clination 
JS’ote., 

V, i ? 

nations Qt 


l6"— 1' <~SI° 41' 12’' .fiL d»e de- 

1 „ * - , •fi ■* 

"S' , •«' 

given 

m^and tftoob, tefytid 

for noon or iqjcjpight, Toj any other time of tlie^f, and 
in^ the tiAe of tlie moon's passage over any oth^ Meridian than 
that of<Jreeft#ick, generally require tlie part** to he 

calculated; in v order to obtain a near approxin^tion/i Thus, ill,: 
the precedip^ example .Jhe use of Table VI, in tbp j&qfqlwte * 
Tables, requires a double .entry of ^Tie table, two ^sUbtraAfbns> 
with one (^dculationfor the proportional par|s, and woul&have 
required two if the Minutes in the time had not consisted of tens 
only. It is tliereforef|’eqqeutly mtfch bitter to ®nd thewhole 51 
correction at once, by calculation; winch may generally^^fone \ 

with great facility by regarding |be fonhula-?-^-^ as a 


and cancelling both its tmnsby their common factors, as above/ 
Besides,, method possesses the advantage of accuracy arising 
from c^fc^dating 4he correction from the j$ctual variation f&r the 
day on qjftjjlejki it is reqjairld ; for the daily change, in/|he sun's 
declination on the corresponding days-Jp the several quarters is 
not the same. Taking a promiscuous example, the four carr y ' 
ponding days^in the table above refined to, are February 23 rd. 
May I8thj%ugust 24th, and Octobol 18th. The variations In 
tlie declination of the sun between noon on each of these days 
and the following noon, as given in the Nautical Al^nanaO^for 
1814, #e 22' 3", iS' fO", 20' 34 1 ' and lT respectively. The 
meagi of these four is iG 54"i, which differs fom each of them 
respectively by 5' 8"}, S’ 44"!, S' 3$\ and 5' S"I. 

In the above example, the correction resulting from tlie use of 
the table is. T 0 ;/ *p2, but the accurate correction from tye calcu- 
lation is i 3 f '93: the difference of which is therefore $ r *06. 
Hence, whenever accuracy is required, the correction should + 
always be calculated from the variation cm the day for 

tyhich it is required* , 



1 * , u i \ "’TX 

17S DECLINATION OF'THE MOON, 

► / *' >* < ' & s ?V’ *■ 

’ . ■ ,, Examph 10 . ' ' - \> 

On 'log* of M«r«h, 1814,.ijffln^ v 37' 

( JEast; wtat4» <0'4$$|ftaioR4t>^ Ml 

passing the meridian ? ’ '* V «#W . Ans. 4%. 17' S"®. 

* + * 'A$^ - ; v 

/"* Example s^ , 

- Being in ^nt J^pgitude 12 T sJ^o^by account, at 8 s 57 S5 V 
A.M. on the 2 otS of October, lflll^oyil feme ; required the; 
son’s declination at that moment. : : Acs. '12° 10' 34" S. 

, . ^ Example 12 . r v 

■-" Required t^ declination of me sun a| 4" $0 mim*tfes PJML on 
the 1,6th of May, 1815, civil time, in 76° 43' 27'' West longi- 
tude. - , '' .j’H ''Ans. 18° 49' 24'' N- 

' i'- , h '■ 1 

t Decimation of the Moon . 1$. 

Example 13 . 

Required the moon's declination on the 20th of March, 1815, 
at 3 P.M. civil time, in longitude 134° 38 "4 East * ' ' " 

First, 134° 38H — 8 h 58" 33"*(i of time, which must he sub- 
tracted from the time in the question, as the place is east erf the 
first meridian ; and therefore, the hour reckoned from the com- 
mencement of the civil day is 3 h + 12 11 — 8 h 58' 33 'fi =: fi 1 * 1 
2fi % 4 A.M. But as the astronomical day begins 12 hours after 
the civil, the 20th of March .has not yet commenced, and the 
astronomical time is the l<)th of March at I8 h l' 26’"*4; hence. 
Moon's declination at midnight, lj)th March, N. - 28° 2' 

Ditto - - at noon, 2()th - N. - 22 35 

Decrease of declination in 12 hours. - Difference - . 0 27 

Then, aji 12 h : (i“ 1 2fiT*4 : : 27 : 13' 83"’l, the change of 
declination corresponding to (i h l' 2ff*4 ; consequently. 

At midnight - - 23° 2' 

Decrease - -•/ - ** 13 33 w, l 

Declination required - 22° 4$' 26"'9 

Taking the nearest second 22 ,48 27 



SUNS RJpHT ^SCENSION*, 


m 


' ‘ Example 14 . ” ^ f ; ■ 

Reqtiilt^^^Opoil^ declination a^-j^ie fjjae of her.|tiatig at 
the Sdtfi fi t October, 

1814, which is &' iP^M. civil tanfe. * An^> 14°"82$; 5l"N. 

•" ? ' ^V: 1 

t'\ \ ^Mfcample 15 . / 

Require&llhe mooxfs declination on May, 1814, at 

2 h 57* P.M t chrU tinqfeltt'137 0 54' of Westlongi^de ? 1 

J' ■! Am, ‘#'52' ^"N.i, 

* •■■ 4 * ..... . v 

Required the moon’s declination on the 28th of June, 1814, at 
the time of her setting at Greenwich, which is civil 

time? v '' Ans. S, 


Ri^/il Ascension of the Stiff. ' Art. 16 . 

’■ W Example 17 . % » 

Required the right a seen si or. of the sun on tl^e 22nd of Febru- 
ary, 1814, at ll ji 44' I\M. civil time., irifiongitude ,55* 25' 12" 
West of the meridian of Gm nwich. *r 

First, 55° 25 r 12'' of longitude converted into time gives 
;>h 4i' 40 *8, which must be added to the time at the place of 
observation to obtain the hour at the first meridian, because the 
longitude is west; hence, the astronomical time, reduced to the 
first meridian, is the 22nd, at 3 !v 25' 40 ' 8 . '' 

Sun's right ascen. in time 22nd, at noon - 22 h 20' 5f>'*] 

Ditto - - 23rd, - - - 22 24 44-6 

Increase in &4 hour^ - - - - - , , dD h 3' 48 *5 

; , 

Then, as 24 h : 3 h i25 / 40"*8 : : 3' 48"*5 : 32"-6, taking only one 
decimal place in the fourth term ; consequently, as the right 
ascension is increasing, 




jJSiJ .feieWT ASCES810K tflf THE MOON. 

■ ' , : ' ' . * 

asion at nooa, ggnd Feb. A ‘ 2£ h “20' 5ff*t . 


^ JnC&tfe in€»> 34"40 M '8 ' - <L e , {AddJ 

ftlGHT A$< 





f ‘ 


melt 

it* «►, 



.. ‘ * $ e ’^' ' vi 

> tSt Example %$T^^ 

„. Wirt.wM the tktot ascensior^of tJ$*jsun onjhe. 3|Dtl df« May," 1 
UU4, at ** > 36' ,, i^"1P l . Sit civU tijap^Jan l<*tgituJ»^l2Q° ‘54'*7 
v East from Greenwich ? •■* > * .%' ■* . ^ Jfcns. 2 h Sgf. 

' * •&?>«, " _f s, ** *v s , 

^ , v Exdbijjle 19. , *« 

’■,,!|fteqtiired die surfs right as&Slaion afc-the tipie at liif rising at 
Greenwich, on the 26tlj offNovember, 1814, %hich is at 


Civil tji 


H. s^Vns.* If? 1 5' 48**1, 


■f > 


^ . h ■' * Example 20. 

Required the right as£jpsioh$)f the sun at'the^ moment of his 
passage over the meridian of Port Royal, in Jamaica, situated 
in West longitude 76° 50' 30 , on the 12th of August, 1$J,5* 

<.•■■- • ■ ■ • *» 9"*4|t 8 - 

% 1 vv/ s, 1 


Fight Ascension of the Moon. Art . 16. 

Example 21 . a\ 

Wliat was the, rxght ascension of the moon on the 26 th of 
April# 1814^ at 9 h 50'#.M. civil time, in 39* 13' East longitude 
from Greenwich £ ^ ^ 

First, |0 b ^3' — 2 jl 36' 52", which must be subtracted from 
9 h 50', which gives 7 h 13' 8'' for the time reduced to the first 
meridian, or* that for which the right ascension is required. 

Moon 7 # right ascension, 26th April, at midnight - 12*r 89 ' 

Ditto"" - - 26th, • at nofn . 121 16 

Increase hi ri. 


ascension in 12 hours 





v , * - 

S^MI-riAMETEE OF THE SON. *f ™ 


By 



"4f 




In 6 hours 


Is > > - # S0*« 

Kfr^ViJ' <«***'?.. 

-if. 1 . « 4 * 

- i- - -»Jf 1 ■» ' 

■JJ - *v- 'fc 


2 J 


"* v ar - ^ .-.. .,;i 


4° 


taking only tenths of a nfipute. 

^ at 

. , * *•* * 

*%$* * A «flr< 

**;.* . f • -?nr 

Hence, right^scrtision «t»oon .121° 16' 

Increase in 4 ?' 1 13' S ' - Add. 4 26 ‘3 

Right AscbnsIon required -^125° 42*3^ 

/ ^ i 1 * 

t * s# 

^ Example^. A 

Required the moon's righf ascension on the 21st o 
at 9‘* 57' A.M* oi\il time, at a place situated 35° 20' We«$*>f 
Greenwich. * r ^ Ans. 1 77 ° 55'. 

* * ^ 

Example 23. 

Required the right ascension of the moon on the 1 5 th of Ja- 
nuary^ IlSlJ, at midnight, in 56° 3 8', of East longitude. 

n Ans. 354° 49'. 


Example 24. 

Required the moon's right ascension, at the time of her rising 
at Greenwich, on the 30th of December, 3814*, which is 8 h 36' 

P.M. Ans. 156° 27' 27 *. 

* \ % 

j 

1 i * 

kt Semi-diameter of the Sun. Art « Id ^ 


Example £S. * 

What was the semi-diameter of the sun on the 51st of jW» 
ary, 1814? 4 s 


Semi-diameter, Jan. 25th 
Ditto t ^ Feb. 1st, 
Decrease in 7 days 


Iff Iff‘2 
1(^15 \f 


0' 0"-9 ’’ , 



!82 ' SEMI-DIAMETER OF THE MOON, 

Therefore 16' lfT*2 = l€ 16’"*2 _-8 = the 


SE- 


‘T-- 

mi-diameteR rei 




for , w *£• ' *- ; , ? ‘ 

“ ''.'ft! > 


'* Example ' J 

** ' t 4 * ^ ■* 

What was the sun’s semi-diameter orr€h# 29 th of JuJy, 1814, 
at4"’A.M.? ^ V'Aiafi 15'W-i. 

* Exam.pkxf:^ , „ 

Requin&hhe sun’s semi-diameter on the 17 th of March,, 1815. 

Ans. 16 ' 5"-4. 

Example 28. ^ 

Required the semi-diameter of the sun on the 9th of Novem- 
ber, 1815, at noon, in ISO 1 of longitude ? Ans. l(i' 11"*1. 


Semi-diameter of the Moon. Art. 16 . 

Example 29. 

What was the moon’s semi-diameter on the 1 fith «£ v April, 
1814, at l h 45', P.M. eivii time, in East longitude 48° 21 sup- 
posing her altitude to lx? ? 

43° 2l':=2 h 53' 24' ; therefore the time in the question 
reduced to the first meridian is 10 h 51' 36‘ A.M. lfith April, 
civil time, or 22 11 .>1' 3^ 15th April, astronomical time* There- 
fore, 

y *, 1 

Moon's semi-otam. 15th midnight - 15' 21'' 

Ditto - - 1 fith noon , - 15 28 

lnci?ase in 12 hours * 

Then, as 12^ : 10 w 51 ' 36" : : f: 

1 * h 

Semitdiamcter 15th midnight , ~ >v 15 21 

< jp- * ii * ■“ ” — 

Mot 4 , Semi-diam. - - « 


rwr 


Augmentation in Table II. 
Semi-diameter required 


- 

O' 7” 

o' 

6"-3 

15 

21 

15 

S7*f 


7 


15' $4" -3 


^ . Example 30. ,, '■ 

Required the horizontal semi-diameter or the moon when she 



Ans. 


i> bn 

i& r. 


■ moon's horizontal Parallax. 

passed the meridian of the Royal Observatory, at Green' 
the soth-of^jjy, 1814. * w. 

* ' i Exftirvple Slf'^ ’ ^ 

Find the moon’s bonzoptal semi-diameter on the 25th of 
January, 1815, P?M. civil time, in ldj&gitucte 85° 56 ' 

West. >%r Ans, 

,4 !> 



On the 8th of May, 1815, at 6 h 38' A.M. by a .chronometer 
regulated to civil time at the first meridian, suppose the moon’s 
altitude found by observation to be 49° 30' ; required her scatty, 
diameter. Ans. 15' 51". 


Mbon’s horizontal Parallax. Art. 1 6 . 

Example 33 . 

Required the moon’s horizontal parallax on the 20th of May, 
1814, «t 5 h 45' A.M. civil time, in latitude 55*^. tod longitude 
d4° 34ft West. 

(liven time - ■ - - 5 h 45' 

Longitude West, in time - Add. 4 17 36" 

4 t * , - 

Time reduced to the first meridL; 10 ,J 2‘ 36" 

Moon’s horizontal parallax, 19th at midnight - 60' 49 

Ditto - 20th at noo& - Co 55 

Increase in 12 hours - - - 1 - : O' 6' 

Then 60' 49" + 1( ^- 3 — Si* = 60 49* + 5" = 66’ £4", which 
12 “ 

is the horizontal parallax at the equator at thg given time; 
and which reduced, by Table III, to that at the latitude of 
the question, gives 60' 4 6’ for the horizontal parallax requited. 

Example 34 . 

Required the moon’s horizontal parallax at the tiiicie of her 
setting at Greenwich on the 13th of December, 1814; or at 5 b 
23' P. M. civil time. Ans. 53' 59*. 



l&tyfefc MQONS l*A9«AGBf .OVEft THK XWPUK. 


'Example 85 .- 

The horizontal paraJI& of thejnoon it requirejjNbr tltg l$th 

' 11..A i»ir ... k dt/H D U ilL). » ka* am 


of March, ,1815, a$ P.M. civil ttgte, in latitude 54" 2Q 1 ', 

" Ans. 55' fil*. 


and longitude 135® 38' East. 




■&Ap. 


Find the raobnfjg, horizpiitaifc parallai?"j&n of August, 

1815,, a^ h 50' A.M. civil tirne, inljjlStude 35° 10', and lon- 
gitude 72 p (3 43 ' West.' * ■*£ * has. 57' 4d". 


' Mom's passage over the Meridifa. Art. 16. 

* 

Example 37 < 

What time did the moon, pass the meridian of 30° 45' W est 
longitude on the 25th of January, 1814? 

4t 

Moon passed the first meridian 2fith at - - 3 h 54' P.M. 

Ditto ... - 25th . - 3 7 

Difference 0 h 

v ' w K 

Therefore 3fi0° : 30 *75 ; : 47 : 4' ^,the required variation. 
Moon passes the first meritl Jan. 25th lit - 3 U 7 0 P.M. 
Longitude West, in time w - - Add. 2 3 0 

Variation answering to 30*^5' - Add. 4 3 

Time require t - ,r - - - 5 h 14' 3 


Example 38, 

Required the time at which tin* moon passed the meridian of 
Canton, ill l^gitudc 115" 2 45" E. on the 20th of September, 


1814. 




Anfe. I0 h gl' 45'A.M. 1 


5 v Example 39. c 

Required the culmiating of the moon at^Kingston, Jamaica, 
in longitude 76° 50' 30” W. on the 28th of April, 1815. 

* Ans. 1 l h 5f' 27" P.M. . 

* * ft * , A? 

■* Example 40 . _ *. ’ 

At whfit time of the day will the moonq&ms the meridian of 



I»£C«K;VT10N OP 

■ 4 * 


Constantinople, East longitude 28° 55' 15"} on the 12th of De- 
cember, 1815. 

i< ' -■ •*-- * 


, . Ans. 7“ 44' 35," P-M. 

- <*, " ' 




Right ascen^^^ikc Stars, Art. 18 . * 

«r •$:% Example 41. 

What wastfoe %ht a^ision ofjjlr^me^oxu^c 31st ofMay 4 


1814 


Right aseen oif Arcturik, nt the beginning of 1815^1 13"*38 

* 2*7^8 v 7 

Variation for 7 months, or~^ — — - — ( Subtract. ) * 1 

^ A *' \ ’ 11 “ - f 

Right ascension required, in siderial time 


14,h rf n ». 7 p 

Example 43 . 

** v, * , A ' ' 

Required the right ascension of Sirius on the 15th of No- 
vember, 1815. Ans. 37 2" # 26. 

Example 48. 

The fright ascension of Reg ulus is required on the 1st of 
March/ 3 816. , * Ans. 9 h 58* 34”*3. 

3 Example 44. 

Required the right ascension of J/debaran on the 30th of 
December, 1818. Ans. 2 h 25' 32?*54. 


Declination of the Stars m Art . 18. 

Example 45. 

In quired the declination of « Pegasi on the 14th of F ebraarv, 

1816. ^ 

Declination at the beginning of 1815 - 14* lSf'^ -l JjN. 

Annual variation? 19 /# 43, for one year - -f- ^ 19 "43 

Variation for 1 porith and 14 days - jfc % *43 

Declination required - - - ^ ■ 

Or 14 b l3' Iff', omitting the decimals. 


14° IS' lff'iOSN. 


A\ 


» SwTOblcXVI., ut the end of this Volume 


186 DECLINATION OF THE STABS. • 

, ' <. 

' , ,« \Exompk 46. 

What was the declination of Fontalhfiut on the*25th of June, 
1814.? * r }'*■'' ,^'f^'An s. 30° 35' 34"*4S. 

Required the declination of Pollux oH the 10th of August, 
1816. * " ' r r Ans. 28° 2/ 38"-4SN. 

. . ** * > ;r i' , |f 

■ • Example 48. 

Find the declination of Aqullge on the 20th of November, 
1818. . , Ans.1T 24' 0"’03N. 



ci|aptek II. 


Depression of the Horizon. Art . 20. 


Example 49. 

Required the depression of the horizon, the observer's eye 

being elevated 25 feet 9 inches above the surface of the sea. 

* 

Depression for 25 feet. Table I. - - - 4/ 54'' 

Proportional parts for 6‘ inches - 3 

Ditto - for 3 inches - 1 "5 


Depression required, for 25 feet 9 inches - - 4' 5H"'5 

Example 50. 

Required the depression of the lwrizon, when the eye of the 
observer is elevated l(i feet 8 inches above the level of the sea. 

Ans. 4'. 


Example 51. 

The eye of an observer is elevated 22 feet 6 inches above the 
level of the sea, what is the depression of liis visual jlprizon ? 

Ans. 4' S3'. 


Augmentation of the Moon's Semi-diameter, "? Art. 2$. 
Example 52. 

Required the moon's semi-diameter at the moment her centre 
passed the meridian of Greenwich,, qp the 30th of March, 1814, 
supposing her altitude to have been at that instant 52 0 30'. 



188 * BEFBACTtOy<*-f ARALIAX OF THE StTN* i*f‘ 

■ ■ , v ' *i +. ■* '* : , * - 

The moon passed the meridian of Greenwich on the day pro. 
posed at 8 b S’ P.'M.'aflK^her horizontal serai-diameter at that 
time, Calculated »cp£a^ng to Art. l8j of Example 29,$%' 

**■**' ’ f A 1*.?^ IfK AtfrirO * S'*#* V i n * ** 

- ’ * f' / , 11*5 


/V \ ( Ahi 

Augmentation,- Table II. ^ 


' , i 

* *-"• i ,W) *, Difference 

. L . • >,. 


2"-0 


«r53° S0;_4^ = f 50*. f & 

’ * ; . ‘ * ” v • ' ' r -h v -9 ¥ - *' 

Consequently ri;*5 -j — i’’’ 5 = i.^-the required 


augmentation Answering to 52” W of alii hide. Therefore 

1 ,f < ■ >' ,k if* , ■’ | j I, 

Horizontal semi-diameter ’ * iff 
Augmentation - - - -f.f) 13 

Semi-Hiam. required - - iff iff' 


. ^ Example S3. 

Having observed the moon’s altitude on the 5th of November, 
J814, to be ()1° 1 0" 30", and finding her horizontal semi-diameter 
at that time to be 1 V 5() ; what is h^r augmented semi-diameter 
on account of altitude? * Ans. 15' 


Example 

Required the moon’s augmented semi-diameter when her alti- 
tude Was observed to be 35° 2 4* 4*5 V , and her horizontal semi- 
diameter was known to be 15 20" at the time of observation* 

An& 15' 29 ". 

Example 55. * 

Suppose that aft a certain place the moon’s horizontal semi- 
diameter i&td bfeen found by calculation to be 15' 53\ and her 
altitude pfserved to be 56*28'; it is requir^d to ascertain her 
augmented semi-diameter. Ans. iff 6"’4. 

'v f 

• .4. <• 

' Refraction — Parallax of the^ Sun. Arts. 31 and 32. *" . . 

* . . • Example 66. . J 

On the 14th of May, 1814, the altitude of the surf slower 
limb was observed to be 24” 55’, wjtejt the%rometer stood <£t 



REFtAcrnm — -parallax or the” stn>r. 180 

t ‘ 

30*354? inches, and Fahrenheit’s thermometer at <J0°?8 ; what was 
the refraction less parallax at the time ? 

The semi-diameter of the sun at the time of observation, 
according to the preceding rules, was 15' 51", and therefore 
the altitude of his centre 25° 10" 5l'\ The refraet$bri less 
parallax, in Tqble V, fcf 2,>Ss Tt 55% and idle difference for the 
succeeding degree is 6%Athe proportional part answering to 
10' 51' is therefore very nearly 1% which is subtractive ; behce 

Suns apparent alt. 25* JO* 5i\ Refraction, Table V. T 


Thermometer GtO°% - ] > 

Sun’s apparent alt 25 9 10' 51" j a> ° 

•n. 


Subtract. ** - 


I’ 5.T 


Barometer - 3CT-32* - | 

Sun's apparent alt. 25° 10' 51" j 


AM. 


2 


Corrected Refraction - - - ~ - T 55 v 


Example 57. 

The altitude of the sun’s, upper limb was observed to be 21° 
48", on the 7th of November, 1811; required refraction less 
parallax, the height of thg ; pb, server's eye being 5 4 feet. 

Ans. 2' 1 G'*6, 

* Example 58, 

The apparent altitude of the suns centre being 15® 27" 50", 
the barometer 29*75 inches, and Fahrenheit's thermometer 
63°- 75^ required the refraction 1 <jss parallax. ; Ans. 3' 13 -6. 

^ ,■ f 

k 

Example 59. 

The observed altitude of the sun’s lower limb on^ljje 30th of 
April, 1 8 15, being *&o° 1 0", the barometer 29*86 inches, and 
Fahrenheit’s 56°*47^ required the corrected refraction at the 
titoe of observation, the height of the observer’s eye beipg 25 
feet. * * ' Ans. T 47V>- 



W) PARALLAX LESS REFRACTION OE, THE 'MOON. 


Parallax less Refraction, of the Moon . Aks, 3 5 , 3d, amt 37* 

; - ^ Example *$0.^ ■ >*, • /, 

Suppose the altitude of the nioanl^ -upper limb was observed 
on the 15th of April, 1 314, at 6 h I&T& 1 civil time, to be 4$° #9' ; 
the latitat of the place of observation being 48° I O' North, and 
the longitude 6° 30' East ; the barometer at the tiule was 29*32 
indies, and Fahrenheit's thermometer 64°\34. Required the 
corrected parallax less refraction of the moon at that moment ; 
the height of the eye being l6'4 fept above tlie surface of the 
sea? 

First, 6° 30'~2()' of time; therefore the time of observation 
reduced to the first meridian is 6 h 2(i' A/M. of the 1 5th, civil 
time, or 18 b 2ff of the 14th of April, astronomical time. 

Moon’s observed altitude - 4(E 3$)' 

Moon's semi-diameter - - Subtract. - 15 12 


Depression of the horizon 
Apparent altitude of the moon 


4(i° 23' 48' 
- 8 58 


4fi° 19 ' SO' 


Equatorial and horiz. Parallax, April 15th, at 6 h 26'A.M. 

Diminution of the equat. paral, on ) 

/ 1 [ Table III. 

account of latitude j 

Horizontal parallax for lat. 48 " 10 ' - - 

Paral. — refrac. for 46° If/ 50’' 37' 4" V 

« ^ ci. * i * [Table VIII. 

for 37 of horizon, paral. - + 2b J 

Height of the barometer 29*32 inches ) 

r VI T 

Apparent altitude » 4(>° ivj 50' J , 

Height of the thermometer ()4 0, 34 Y , v 

Apparent altitude - 46° 19' 50" 

Parallax — Infraction required - - - 


5j 43" 

6 

5!f 37" 

37' 30' 

• +1 

+ 1 

8? 38" 


Example 61 . 

Required the parallax— Refraction of the moon ■when ah# 



TRUE ALTITUDE OF THE SUN. 


191 

passed the meridian of Greenwich on the 27th of September, 
1814*; supposing the apparent altitude of her centre at that 
moment to be 53° 10', the barometer at 29*42 inches, and 
Fahrenheit's thermometer 49° • 16. Ans. 32' 55*. 

Example 62. 

The apparent altitude of the moon’s centre having been found 
to be 43° 15' 30", and Fahrenheit's thermometer observed to 
stand at 72°*G5, the barometer at 2jJ’8 inches, and the horizon- 
tal parallax to be 5/ 30' : required the corrected parallax less 
refraction. Ans. 40' 32". 

Example 63 . 

Suppose the apparent altitude of the moon’s centre, after 
having been corrected for the dip of the horizon and semi-dia- 
meter, to be 15° 58' at 10 h 1 5 I\M. civil Greenwich time, on 
the 10th of October, 1815; the height of the barometer being 
29*6 inches, and that of the thermometer 6ti°*45. Required the 
parallax— -refraction of the moon at that time. Ans. 4j/ 17"- 

True Altitude of the Sun . Art . 31. 

Example 64 . 

On the 12th of August, 1814, the altitude of the sun's lower 
limb was observed to be 2 6° 8f/ ; the height of the thermometer 
w as 71 °*6, that of the barometer 29*12 inches, and the height 
of the observer’s eye 21 J > feet ; required the sun’s true altitude. 


Sun's observed altitude - 26° 35' 

Depression of the horizon answering to 21 J - — 4 32 



s6° 

30' 

28 " 

Semi-diameter of die sun, August 12th 

+ 

15 

; 5 


26 “ 

'45' 

17"-5 

Refraction— Parallax to alt. 26° 4(7 17' *5, cor- 1 




rccted for the temperature and pressure r 

— 

1 

S8-3 

of the atmosphere - * 





Truk Altitude of the sun 


26 ° 44 ' $9"'2 



T11P& ALTITUDE OF THE MOOJf. 

Example 63. ' . 

The observed altitude of the sun’s lower limb being Si* 32', 
the height of the eye 58 feet above the level of the sea, and the 
sun’s sfeini-diameter 1.V . r >S". ; Jhe true central altitude; is re- 
quired. • . Ans. *8J < hi|o( , sr. 

Example 66. ' -• * 

At 10 h 30' A.M. March 21st, ] 814, bcihg in Blast longitude 
6o° 21', by account, and having observed the height^ of the 
barometer and thermometer to be 30‘l2 ■dashes gull 63“*72 
respectively ; it .is required to. find the tru@altitu.de ofthc sun’s 
centre, the observed altitude of his lower limh briug 30" 40' 13 ", 
and the height of the eye, above the surfiioe'iif the sea, 18 teet 

Ans. 30° $df 43* 

• * E.ru’-qjleyCn. 

Beqrtired the trite altitude of the sfin’* centre on the 5Cth of 
April, 1813, at d u ,10" 1\M. civil time, in longitude *Ikj’ 20" West ; 
supposing the height ol‘ the barome ter to be .'<0 inches, tliat of the . 
thermometer ;>3°‘12 ; the height of the observers eye being 
feet, and the observed altitude Of the sun’s jupper limb 
37° 55'. Ans. ' 37“ 32' 33”. 

Tnu .iliMulr of tli&.Marju. Arts. So, 3(>, and 37. 

'■ • E,r<'nijih\6ft. ’ 

On the 31st of May; IS 14, at midnight, in long ilqde <f6° 25' 
East, by account, suppose the observed, altitude of the moon’s 
lower limb wasi32° 5 1', the height of i}iv eye' 23 feet above the 
level of the #ea ; afjd aJ§o that tins corrected 1 act ion 

■was fouadto be 37* &S£h required the moon’s tjue altitude at 
tliat titae. * ;A 

„ 'i’lie'thne proposed reduced tq th@ first meridian, or GxtetfiT 
W&Ch time, is ‘May. SlsOftt 5 h M 4-. 20". P. Mr “A which tifj^’ft* 
wd^idiameter ofilte^uo^i w#s U' S$". 1 ’ 1 .» 
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Then the moon’* observed altitude 
Depression of the horizon 

Moon's semi -diameter - 
Apparent altitude of the moons centre 
Corrected Parallax — Refraction 
True altitude required 


32° 21' 

- _ — 4 42 

32 1 6 18 

- _+ 1 4 58 

32 31 16 
Add . - 37 32 

33° S' 48" 


Example 09 . 

Suppose that on the 2,9th of March, 181 4* tlie altitude of the 
moon’s upper limb was observed to be 24° 3.V, at 36 minutes 
past 8 at night, civil time ; that the height of the observer’s eye 
was 5 A yards, and the longitude 112° 55' W, by account; the 
height of the barometer being 80*8 inches, and that of the ther- 
mometer 52° r 5. Required tfeft true central altitude of the moon 
?il the moment of the observation. Ans. 25° 7' J". 


Example 70 , 

Let it be supposed that on the 81st of Januaiy, 1 Si 5, in lon- 
gitude ()8 21 E. by account, the altitude of the moon*? upper 
Jimb is found to be 44 ' n 12 at TO minutes pa s t <), P.M. civil 
time, when the barometer was 80*4 inches, Fahrenheit's ther- 
mometer 3}, degrees below the freezing point, and the height of 
the eye lfi fret above the surface of the water ; it is required to 
determine the true altitude of the moon’s centre. 

Ans. 44° 32' 25", 

Example 71 . 

Suppose that the altitude of the moon’s lower limb in observed 
to be 8S' 14 *, on the 28th of May, 1815 , at 10 ! * 2f) P.M. on 
board a vessel in longitude 101° 50 E. according toller reckon- 
ing, i A the same time that it was ascertained the barometer 
stood at 28*93 inches, Fahrenheit’s thermometer at TfF] , and the 
elevation of the eye above the surface of the sea utas 18 fret. 
Required the true altitude of the moon's centre at the moment 
*»f taking her observed altitude. An*. 3Q° (r 3l \ 



194 


TRUE ALTITUDE OF THE STARS. 


True Altitude of' the Stars . 

Example 72. 

Suppose the observed altitude of Arcturus to be 53° 24', the 
height of the eye 25^ feet above the surface of the water, the 
barometer 30*3 inches, and the thermometer 60°*17 ; what is its 
true altitude? 


5 3° 1{)' 9" 
43" 


Observed altitude of the star - 53° 24' 

Elevaton of the eye 25^ feet. Depression - _ — 4 51* 

Apparent altitude 

Refraction of altitude, Table V. - 

Thermometer 60°*1 7 1 , _ _ 

a t i , v , \ Table VI. Correction. - 

Apparent alt. 53 1 0 9 \ 

Barometer - 30*3 inches 1 

Apparent alt. - 53° 19 ' 9 S 


_ 0 


Table VII. Correction. - + 1 


Corrected Refraction - - 44 

Apparent altitude of Arcturus - - - 53 n 19' 9 

True Altitude required - 53° 13' 23 


Example 73. 

The observed altitude of Aldeba ran is 4 5 n 28', and the height 
of the observer’s eye 1 3j> feet above the surface of the sea ; 
required its true altitude, independently of the temperature and 
pressure of the atmosphere. Ans. 45* 22' 52 . 

Example 74. 

Suppose the observed altitude of Ilegutus to be 34° 51', the 
height of the eye 24 feet, that of the barometer 29*5 inches, and 
of the thermometer 35°*(j; required its true altitude, 

Ans. 34° 44' 45". 


Example 75 

The observed altitude of the star Pollux being 6*7° l6\], when 
corrected for the depression of the horizon, the height of the 
barometer 29*2 inches, and that of the thermometer 30° ‘34 ; 
required the true altitude of this star. Ans\ (>7° 1(7 5\ 
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Correction of the less erf two Altitudes taken out of the Meridian . 

This subject naturally consists of two parts ; viz. the method 
of finding these ‘corrections, and that of applying them : each of 
these shall be illustrated by examples. 


Method of finding the Correction . Art. 40. 


Example 76. 

The altitude of the sun having been observed in North lati- 


tude 47° 25', and found to be 23° (7 when his declination was 
13" 2' N. Some time afterwards the sun's altitude was observed 
to be 36° 54' ; and it was ascertained that the way made in 
latitude during the interval between the observations was 12' 30"' 
Required the multiplier of the difference of latitude. 


Less alt. of 0 23° 6' ) 

[-1st term, Table XII. 1*40 Argum. 1*5S 
Latitude north 4? 25 J * 


Declin. North 13° 2' 

Argument - 1*58 


}* 


2nd term. Table XIII. 0*36. 


2nd term + 2 — 1st term = 2*36 — 1*40 = *9, the required mul- 
tiplier. 


Example 77. 

Suppose that on board a vessel in latitude 56° 38' N. the alti- 
tude of the sun was found to be 46° 54'; and that some hours 
afterwards his altitude was taken again, and found equal to 
2 L 40' ; and his declination at the moment of this last obser- 
vation was 18° 31 S. The way made in latitude during the 
interval between the observations was 23' towards the South ; 
required the multiplier of the difference of latitude. 

Ans. 1*68. 

Example 78. 

The observed altitude of the sun, in latitude 15^ 20' S. being 
32 ' 45', when his declination was 21° 45' S. ; and after the 
vessel had arrived at latitude 15° 38' 54 w , the altitude was again 
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observed, and found to be 52° 20 / ; what is the multiplier of the 
difference of latitude ? Ans. *711. 


Example 79 . 

The sun's altitude being observed at two different places on 
the same day, the latitudes of which were 49° 57' N. and 
50° 22' N. the less altitude being equal to 14° 44', and corres- 
ponded to the less latitude, and his declination at the time of 
observation equal to 8° 56' S. Required the multiplier of the 
difference of latitude. Ans. *43. 

Method of applying this Correction. Art . 41. 

Example 80. 

The less altitude of the sun taken at 8 h A. M. on the 7th of 
May, 1814, was 24° 43', and the latitude of the place ot obser- 
vation 38° 41 ' N. Some time afterwards the sun's altitude wa* 
again taken and found to be 43" 14', in latitude 38° 27' N. 
Required die less corrected altitude, or what the less altitude 
would have been if observed in die place of the greater. 

The declination of the sun at the time of the least observation 
was 16° 3J) 19' N. the difference of latitude 14', and the multi- 
plier of the difference of latitude, found, as in the preceding 
examples, is 1*036 ; therefore the correction to be applied to the 
less altitude is 14' x 1*036=14' 80 . As the declination and lati- 
tude of the place of observation a v eboth North, the .sun passes 
the meridian South of the observer ; and as the latitude of the 
place where the greater altitude was taken, ought to be greater 
than that where the less was observed, the meridian altitude at 
the former place is therefore greater than at the latter : hence, 

Less altitude of the sun - 24° 43' 

Difference of latitude - Add. - 1 4 

Sum - 24° 57 1 

Correction .... Subtract - 14 30 

less altitude referred to the place of the greater 24* 42' 30" 
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Example 81 . 

The sun's altitude being found equal 46° 20', in South lati- 
tude 18° 58' ; and after the ship had sailed towards the North- 
West until her latitude was reduced to IS 6 30', the altitude of 
the sun was found to be 32 0 3', and his declination at the time 
of the last observation equal to 5° 12' N. Required the less 
corrected altitude. Ans. 32 9 1 T 32". 


Example 82 . 

The sun's altitude and declination were found to be 25° 38' 
and 20° 45' N f respectively, in North latitude 10° 2 1'; and after 
a diminution of latitude equal to 34', his altitude was ascertained 
to be 46° 24'. What is the corrected altitude of the first obser- 
vation ? Ans. 25* 25' 25". 


Example 83 . 

Suppose that, on the 2nd of February, 1815, at 9 11 12' A.M. 
civil time at Greenwich, the altitude of the sun was observed to be 
8° 50', in North latitude 6'; qnd that after an elapse of some 
hours his altitude was again ascertained to be 19° 58', in South 
latitude 1G\*. Required the altitude at the former place of 
observation when referred to the latter. Ans. 8° 2T 38" 
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PRACTICAL EXAMPLES TO 

CHAPTER III, 

Latitude from the meridian altitude of the Sun. Art. 43. 
Example 84. 

March 18th, 1814, being in longitude 56° 24' W. and having 
found the altitude of the sun’s lower limb when he passed the 
meridian towards the south to be 48° 35 , and ascertained that 
the elevation of the eye above the surface of the sea was 261 
feet ; required the latitude of the place of observation. 

By converting the longitude into time, it is found that the 
time of the observation reduced to the first meridian is 3 h 45' 3(5" 
P. M. March 18th; and, art. 16, the sun’s semi-diameter taken 
from the Nautical Almanac and reduced to the time proposed, 
is 15' 57"; hence the 


Observed altitude of the sun’s lower limb 

- 

48° 

35' 


Elevation of the eye 26 1 feet. Depression, 

lab. I. 

— 

. 5 

1 

Remainder 

- 

48 

- 2 !) 

59 

Sun’s semi-diara. 18th of March, 1814, at 3 h 

45' 36" 

_+ 

15 

_57 


Sum 

48 

45 

56 

Refraction — Parallax of the sun. Table V. 

- 


— 

45 

True altitude of the sun towards the South 


48 

45 

11 

Sun’s declination - 

Add. 

1 

1 

6 

Height of the equator - 

Sum. 

49 

46 

17 

Complement. Latitude, North 

«■ 

50° 

IS' 

43" 


Example 85. f 

In 73 24 of East longitude, the altitude of the suit’s upper 
limb was observed to be 63 n 55', when he passed the meridian 
northward of the observer, on the 4th of November, 1814; the* 
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elevation of whose eye was 29 feet above the level of the sea, 
and the barometer and thermometer standing at 30*1 inches and 
42°*73 respectively. Required the true altitude of the place of 
observation. ’ Ans. 41° 40'S. 

Example 86. 

Suppose, on the 8th of April, 1815, the altitude of the sun's 
lower limb to be found equal 39° 53' when he passed the me- 
ridian South of the observer, in longitude^ 45° 22' W. and the 
eye was elevated 16 ^ feet above the surface of the sea ; the 
barometer standing at 28*9 inches, and thermometer at 55' *38. 
Required the true latitude. Ans. 56° 4 7' 42" N. 

Example 87. 

The sun being supposed to pass the meridian between the 
observers zenith, and the North pole, on the 12th of August, 
1815, and the meridian altitude of his upper limb found to be 
78° 58'. The latitude of the place of observation is required, 
admitting the height of the eye to be 27 feet above the level ol* 
the sea, and the place of observation to be in 54° 35' of West 
longitude. Ans. 3 l 45' 52'N. 

Tjititude from the meridian alidade of the Moon . Art . 45. 
Example 88. 

On the 10th of May, 1814, being in latitude 38 c tlo N. and 
longitude 54° 42' W. by account, the moon was observed to pass 
the meridian towards the South at 9 1 ' P.M. ; at the same 
time the altitude of her lower limb was ascertained to be 71° 46 , 
and the height of the eye 29*5 feet above the level of the sea. 
Required the true latitude of the place of observation, admitting 
the height of the barometer to have been 2 9*40 inches, and that 
of tlie thermometer 7 3°*2 1*. 

The time of the moon’s passage over the meridian of the place 
of observation reduced to the first meridian, and taken to the 
nearest minute, is 13 h 19, May 10th, astronomical time, or 
l h 19 ', A.M. May J 1th, civil time. The corresponding decimal ioji 
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of the moon is 20° 21 N. her horizontal semi?diameter 14' 52", 
and her horizontal parallax, taken from the Nautical Almanac, 
54' 20". 


Observed altitude of the moon's lower limb - 71° 46" 

Height of the eye 2<) 5 feet - Depressio 

Rcmainde] 

Hor. semi-diameter 14" 52 ' ) 

a . rp i it « /, i Moon's semi-diaim 
Augmentation, lab. II. 15 ) 

Apparent altitude of the moons centre - 


Apparent alt. 71° 55" 4fi" J 

Thermometer 7:f *24 1 irT 

s t . , „ , J- Correction. I able VI. 

Appar. altitude 71 55 4fi ) 

True altitude of the moon towards the S. 

Declination of the moon. North - 

I 51 19 

Zomplnvmi. Latitude, North - 38° 8" 41" 


— 5 

20" 

71 40 

40 

+ 15 

6 

71° 55' 

r.+ 16 

46" 

32 

[. + 

0 

+ 

1 

72 12 

20 21 

19 

51 51 

19 


Example 89. 

Being in (5i° 5 E. longitude, by account, on the 15th of July, 
1814, when the moon passed the meridian towards the North, at 
3 h 55" 40" A.M. and the altitude of her lower limb was equal 
to 30° 10". Required the correct latitude, independently of the 
temperature and pressure of the atmosphere, supposing the 
height of the observer's eye to have been 25 feet above the level 
of the sea. Ans. 45° 25' 30" S. 


Example 90. 

Suppose the observed meridian altitude of the moon's upper 
limb to be 71 52 , An the 1 4th of April, 1815, at 7 ij 27 P.M. 
The moon passing the meridian North of the observer, whose 
eye is 20 feet above the sea ; and the longitude, by account, 
47° 30" West. Required the true latitude. Ans. 7° 11 ' 3"N. 
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Example 91 . 

Suppose, that on the 13th of June, 1815, at 10 h 19' P. M. the 
moon was observed to pass the meridian northward of the ob- 
server, who was at that time in East longitude 160° 45', by 
account, and the altitude of her lower limb ascertained to be 
(>9° 50'. The height of the observer's eye above the surface of 
the water was also found to be 28 feet, that of the barometer 
30*6 inches, and of the thermometer 86 0, l6: it is required to 
find the correct latitude of the vessel at the moment of the 
observation. Ans. 7° 29' 34" S. 


Latitude from meridian altitudes of the Stars . Art. 45. 

Example 92 . 

On the 14th of February, 1814, the star « Pegasi passed the 
meridian northward of the observer, and its altitude was observed 
at that moment to be 56° 3(>, and the height of the eye 21^ 
feet; what was the latitude *>f the place of observation ? 

The declination of Pegasi at the proposed time has been 
found in Example 45, to he 14° 12' 37 N. nearly. 

Observed altitude of Pegasi towards the N. - 56° 36 
Elevation of the eye 21 j feet. Depression. - — 4 32’ 

Remainder 56 31 21 
Refraction. Table V. - - - _ — 38 

True altitude of * Pegasi towards the N. - 5(> 80 50 

Declination, North - - - - - 14 12 37 

1 leight of the equator - Sum. 70 43 27 

Complement. Latitude required. - - 19° 1(7 33" S. 

Example 93 . 

The star Fomalhaut was observed to pass the meridian on the 
25th of June, 1814, South of the observer, when its altitude was 
68" 34', and the height of the eye above the level of the sea 26 
feet. Required the latitude of the place. Ans. 9° 4' 11 S. 
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Example 94 . 

If the star Sirius pass the meridian on the 1st of April, 1815, 
North of the observer, and its altitude be found at the instant 
of its passage to be 53° 49', and the height of the eye 1 5 feet ; 
what is the latitude of the place of observation ? 

Ans. 52° 43' 30" S. 

Example 95 . 

Suppose the bright star Capella pass the meridian on the 31st 
of August, 1815, at the moment its altitude is ascertained to be 
64° 58', the observer facing the North pole, and the height of 
his eye being 1 8 feet above the surface of the sea : required the 
latitude of the place of observation ; supposing the barometer to 
stand at 30*3 inches, and the thermometer at 78°*7- 

Ans. 21° 41' 16 N. 


Latitude from several Altitudes of the Sun taken near the 
Meridian . Art. 48. 

Example 96 , 

The chronometer having been compared with the sun at hall- 
past 9, on the morning of the 21st of March, 1814, and found to 
be 20' 15" before true time; the latitude of the place was 23° 44' 
North, and its longitude 73" JO' West. At a place which was 
IT 30" of a degree West, and 7 f 20" North of the former, ac- 
cording to the reckoning, the following observations of the sun’s 
lower limb were taken, the height of the eye being 1 8 feet above 
the level of the sea; the barometer at 80* 4 inches, and the ther- 
mometer at 76°’5 : required the latitude of this last place of 
observation. 

The time, by the chronometer, at which the sun would have 
passed the meridian in the situation where its gain was ascer- 
tained would have been 12 h 20' 15 '; but as the place of which 
the latitude is required is IT 30" of a degree, or 4(i" of time. 
West of the former, the passage of the sun over the meridian of 
this latter place will be at 12 1 ' 2T T. The time of this passage 
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reduced to the first meridian is, therefore, March 21st, at 
4 h 53' 26", P.M. The declination of the sun at that moment is 
therefore 11' 9”N. 


Time (if passing the Meridian 12 h 21' l". 


Tune of obs. Squares of inter. 


by the 

watch. 

Altitudes. 

Intervals. 

or Multipliers. 

12 h 16 

50" - 

65° 

I' 

15" - 

- 4' 

n" 

- 17*5 

18 

14 

65 

46 

8 

- 2 

47 

7 *75 

20 

40 

66 

19 

33 

- 0 

21 

07 

21 

54 

66 

23 

36 - 

- 0 

53 

0-8 

23 

16 - 

66 

42 

44 

2 

15 

5 *05 

24 

10 

67 _ 

4 

33 

- 3 

9 

9;9_ 


Divide by 6)3<)7 17 49 Sum 46'-05 

Mean altitude 66° 12' .08" The sixth. Multiplier 7*68 
Change in altitude during the last minute before the 1 ^ 

sun passes the meridian. Table IX. j 

30 72 
4-608 

Number to be added to the mean altitude. Product. 35'-328 


Mean observed altitude 
Elevation of the eye 1 8 feet 

Semi-diameter of the G 


Depression 

Remainder 


Refraction — Parallax. Table V. 

True mean altitude of the © 

Correction to be added - 
Meridian altitude, towards the S. - 
Declination N. ------ 

Altitude of the equator. - - Difference. 

Complement . Latitude required N. 


66 ° 

12 

58" 

— 

4 

9 

66 

8 

49 


16 

4 

66 

24 

53 

- 

- 

23 

66 

24 

30 

- 


35 

66 

25 

5 


11 

9 

66 

13 

56 

22° 

46' 

4" 


Eaamjrfe 97. 

On the 18th of September, 1814, suppose the following series 
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of observations to have been made on the sun's lower limb; and 
the time indicated by a watch that was 53' 44" before true time 
at the /hat meridian. The height of the observer’s eye being 
22 feet above the level of the sea, the latitude 36° 4l'N. 
and the longitude 25° 32' E. by account: required the correct 
latitude of the place of observation. 

Times of observation Observed altitude* 


ll h 7' 

0" 

- 

- 

55° 

19' 

o" 

8 

48 

- 

- 


19 

39 

10 

12 

- 

- 


19 

55 

12 

30 

- 

- 


20 

o 

12 

55 

- 

- 


20 

5 

13 

38 

- 

- 


20 

11 

Mean altitude 


55° 

19' 

41 


Answer. 36 0 3 O' 40" N. 

Example 98 . 

On the 27th of April, 1815, suppose the following altitudes of 
the sun's upper limb to be observed, in latitude 12° 14'S. and 
longitude 103° 52' E. according to the ship's reckoning. The 
height of the eye being 24 feet; the barometer standing at 30’6 
inches; Fahrenheit's thermometer at 80°’l ; and the chronometer 
by which the respective times of the observations were noted, 
known to be l b 26' behind true time at the place of observation. 
Required the correct latitude. 

Times of observation. Observed ahitr.d 


10 h 31' 25" 

o 

fc- 

1 

9’ 

9 

33 15 

- 

9 

56 

34 5S 

- 

10 

2 

35 27 

- 

10 

1G 

Mean altitude 
Answer. 12° 

- 75° 

50' 46" S. 

9' 

51" 


Example 99 - 

Suppose that, on the evening of the 8th of July, 1815, on 
board a vessel at anchor near one of the Society Islands, and in 
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South latitude 18° 10', and West longitude 150° 20', according 
to her reckoning; the subsequent observations were made on 
the sun’s lower limb, for the purpose of ascertaining the latitude 
of the vessel ’with more correctness. The watch by which the 
time of each observation was indicated being found to agree with 
true time at the place of observation, the barometer at 29'9 
inches, the thermometer 82°’4, and the height of the eye l6i feet. 
What is the true latitude? 


of obser 

ration. 

Observed 

allitudr! 

ll h 54' 

52" - - 

49° 

so' 

50’ 

57 

1 

1 

OO 


SI 

44 

59 

rr 

/ 


SI 

58 

!2 1 

If) 


32 

4 

.> 

54 


32 

40 

5 

18 


S 3 

15 

Mean altitude 

49° 

32' 

5" 


Vnswer 17° 45' 

21" South. 



Latitude from tiro altitudes of the Sun taken out of the meridian and 
the interval of time bctivven the observations. Art. (i2, d}c\ 

Example 100. 

Suppose that on the 12th of April, 1814, on board a vessel in 
N. latitude JO , and W , longitude () / , by account, the 

altitude of the sun’s lower limb was found to be 28° 3(5', when 
a good chronometer, regulated to true time at the first meridian, 
indicated 7 h 27’ 12". When the same chronometer gave ll h 51', 
the altitude of the sun's lower limb was again taken, and found 
to be 63 n 49'. The elevation of the eye in each of these obser- 
vations was l6Jj feet above the surface of the sea; and during 
the interval between them the vessel sailed towards the South- 
East until her change in latitude was 15' 20" of a degree, and 
that of her longitude 18' 24". Required the correct latitude of 
the place where the greater altitude was observed. 
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Time by the watch . 

At the place of the less altitude 

Less altitude taken to the West of the greater 

Corrected time of the less altitude 

Time at the place of the greater altitude 

Interval in time - 

Interval in degrees - 

Ha^ interval ------ 


7 h 27' 12" 
— 113-d 

7 h 25' 58"4 

11 51 

4 h 25' l"*6 

66° 15' 24" 
33 7 42 


Reduced time. Declination and Latitude . 


Estimated time of the less altitude 
Longitude West, in time - - add 

Time reduced to the first meridian 
Estimated time of the greater altitude 
Longitude W T est, in time, 4 h 30'— l' 14", add 
Time at the first meridian - 


Declination. 


Less altitude 
Greater altitude 


Mean declination - 

Mean decl. taken from 90 °. Polar distance, - 


Estimated latitude of the less altitude 
Difference of latitude - Subtract . 

Estimated latitude of the greater altitude 


7 h 

27' 

12" 


4 

30 



11 

57 

12 


ll h 

51' 

0 


4 

28 

46 


Hi 1 * 

ifV 

46" 


8° 

11' 

9" 

N. 

S 

15 

9 

N. 

8 

13 

9 

N. 

81 

46 

51 


33 

30 

0 



15 

20 


35° 

14' 

40" 



Less Altitude. 

Observed altitude of the sun - 28** 3t) 0" 

Elevation of the eye l6i feet - Depression — 3 58 

28 32 2 

Sun’s semi-diameter - - - - + 1 5 5(W) 

28 47 52 -t) 

Refraction — Parallax ----- — 1 3 7 ‘6 

True altitude of the sun - - - - 28 4(> 15 

DiffT of latitude of the places of observation - + 15 20 


Sum 29° 1' 35 7 
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Sum 29° 1' 35" 

Product of the diff. of latitude by the multiplier ^ 
found by Tables XII. and XIII, according to r _ 12 52 

Arts. 40 and 41, or 15' 20" x ‘34 - - J 

Less altitude corrected for the place of the greater 28° 48' 43" 


Greater Altitude . 


Observed altitude of the sun 
Elevation of the eye 1 feet. 

Sun's semi-diameter 

Refraction — Parallax 
True altitude of the sun 


63° 49' 0" 
Depression — 3 58 
* 63 45 2 

- + 15 50 -6 

64 0 52 *6 

— 24 

64° 0 28"*6 


Azimuths . 

The azimuth corresponding to the multiplier found above, 
viz. *8 1*, taken from r I'able XIV, is 81°, which is the greater 
azimuth, or that answering to the less altitude. The multiplier 
agreeing with the greater altitude is found in the same manner 
as that for the less, and is *05, and the corresponding azimuth 1 8°; 
which is less than a fourth of the greater: lienee. 

Half interval 33° 7 42 sin. 9*7376030 cotang. 10*1853551 
Polar distance 81 46 51 sin. 9*9955020 comp. cos. 0*8147679 
Half dist. of ) 

, . f 32 44 38 sin. 9*7331050 tang. 11*0301230 

sun s places J # 

Double. Distance 65 29 J6‘ First angle at the sun 84° 10' 22 ' 
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Second angle at the Sun * 

Greatest alt of the sun 64° 0' 29* 

Least corrected ditto 28 48 43 comp. eo®. 0*0573937 

Disk of the sun’s places 65 29 i€ comp. sin. 0*0410193 

Sum 158° 18' 28 h 

Half sum 79 9 14 cos. 9*2745544 

Half sum —greater alt. 15 8 45 sin. 9*417*007 

Sum - . ' - 18*7900681 

Half sum - sin. 9*3950340 
Hajf 2nd angle at sun 14° 22' 44" 

Angle of variation. 

Half the 1st angle at the sun , - - 42° 20' 11" 

Half the 2nd ditto - - Subtract . 14 22 44 

Half the angle if variation - * - Difference 27° 57* 27” 


Calculation of Latitude. 


Half the angle of variation 

27° 

57* 

27" 

cos. 

9-9461052 

Sun's polar distance 

81 

46 

51 

4 sin - 

4-9977580 

Less corrected alt. of sun - 

28 , 

48 

43 

z\ COS. 

4-9713031 

Polar distance — less altitude 

52° 

58' 

8" 



Difference from 90° - • 

37 

1 

52 



Half difference 

18 

30 

56 

comp. cos. 

0-0230829 


Auxiliary angle 63° 9' 37 

Cos. Auxil. angle — comp. cos. "half difference. Cos. 

Half sum of latitude 4- 90 rt ^ - 

_ , f Latitude of the place of the ) 

Double — 90 \ f 

t greater altitude - - J 


{ sin. 
cos. 


9*9382492 
9*6968589 
9*6737760 
6l° 50' 52 

33° 43' 44 r 


" Example 101 . 

On the g2nd of January, 1814, being in north latitude 
13° 22' | , and 35° of west longitude, by account, the altitude of 



rae* Twe ALTiTraEfo^Jpa* mhforfac- S09 

Die bud’s upper '|pnb wps takeoff, 10* 6' by a veil regulated 
watch, and fctt&l t*4$P 57° 6' sfterYMi^s, the altatudeof 

■ Ms lower limb ST 4rfc «*&? j$r 

tower's eye oba#rvwtioB« wifcjfc* feet ab#re"jSip 

level of the &fdil the dtfferenee iftl^fcude 
daring die interval v^g 12^ lf ijul& toward* : thi$ Sdu#i, 'and’jj.ft'* 
towards the East.;;, ra^uired^te true latitude of the^3a<)||fld|te 
the greater alt^Jp^as objerved. Ane. Is* 

« * * * ^iemvj^e 102 . * 1 1 » 

%fjjpose that on th# 15thtyf February, 1615, in South Jati- 
tudp 2^. 42', according to the iMp's recjwning, at a tjme when 
the' Stefs declination was 4,2° 55' SoutS, the altitude of his 
lower limb wav found to >be 32 s lG ; and four hours' and a 

f * j 

quarter afterwards the sSdtude of the fame lim^ was Qgftjfrt 
observed, and found to be 73°. lliejitrarse ofthe vessel/ dqjr- 
ii% the interval, was South-East by East, fcfc rate of save# 
knots an hour, and the height of the eye at eacst^fjise^vation 
J 9 feet. Required the corrected latitude of the place where the 
last observation was made ? % * Ans. 29° 16' 18"S 

Ex##tj)k 103 . * m 

Suppose, that on the 21st of October, 1815; ttoi board" a Vessel 
in North latitude 20° 34>\ and East longitude 115* 42', by 
account, the altitude of the sun's lower limb to be 17° 35 { , at 
8" IQ' A.M. by a watch that had been ascertained to be 38' 15* 
before true time, on the preceding evening, in East longitude 
1 15° if. At 12 h 30' by the sa$M?* jr&tfch, suppose the observed 
altitude of fee sun's lower limb was again taken ancl found to 
be 58° 48>.the height of the eye in both these observations 
being 18 feet above the level of the sea; and the ship sailing at 
the rate of 6 knotsan hour, on a North-East course; thv 
height of the mercury < in the barometer at Jhe time of the last 
observation being 2 9*3 inches, and die ^thermometer at 76 9 *46. 
Required tlie corrected latitude of the £lace of the last obser- 
vation, * ' Ans. 20^0' ltfN. 

*N« * ' 


l* 
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PRACTICAL IX AM PLUS TO 

CHAPTER IV. 


Calculation of the korart/ angle Jrotn Altitudes of the San. 

Art. 75. ■ * 


Example 104. 

Suppose that on the 24th of May, 1814, about 1 Y \, A.'M. civil 
time, in North latitude 43* 15', and East longitude 23® 30', the 
following observations of the sun's lower limb was made, wflen 
the elevation of the eye was 1 8 feet above the level of the sea . 
it is required to determine the time at the place of observation. 


Times by the watch. 

< h i4' 38" 

35 21 

16 0 

17 25 - 

18 37 

19 37 - 

Sum - 101' 36” - Sum 

Mean time 7 h 16 ' 29" Mean altitude 


Observed altitudes. 

29° 2' 15" 

3 1 6 

4 30 

5 55 

7 37 
9 5 

32' 18" 

29° 5' 23" 


The mean astronomical time reduced to the first meridian is 
the 2 Ird at 17 h 42' 2 Q* ; and the true altitude of the sun's 
centre obtained by correcting the mean altitude, 29° 5' 23", for 
depression of* the horizon, semi-diameter, refraction and parallax 
is 29 ° 15' 28". The corresponding declination is 20 J 51' North ; 
and as the latitude is North also, the distance of the sun from 
the'lflevated pole is 6y r Hence 
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True altitude of the gun 30° s l5' 28." ‘ 

Latitude - * 43 19‘ 0 - comp. fegta. O - 1576454 

Polar distance '•’** 0* 0 - cotop. sk. Q-Q2Q36H 

Sum m, g<J 28 ’* . 

4 Spin *,{' ' HfjM 44 cob.\&S$$»H u 

J bum -altitude* i’- *^*'84 16 - sin.. ,<HhfjB$07 

. * Sum - 194962740 

* \ ^ Sum. sin. 9.7481$75 

\ IMf' the horary angle 34° S' 4 V 
* Mt$ltip]ying by - 8 


Horary angle isx time 

The observation, being made in the morning, 1 
subtract the thpne from 1# hours - f 


4 h *»2 24"*5 


7 h 27'*35*-5 


Time by the watch - - - - * - T 16 

Watch too slow - - - - - - 1 Xf 1 ’ll" 61*5 

i 

Example 1 05. 

Being in latitude 40° 2 Norths* longitude 85° 5(V West, on 
the 5th of August, 3811, at 6^ 50' A.M. by the watch, the ob- 
served altitude of the surfa lower limb was, from the mean of six 
observations, found to be 15° 4{f 44', anc^ the height of the 
observer's eye iG feet above the level of the sea. Required the 
difference between the time h) the watch and true time. 

Ans. 3' 7" very nearly, t&o fast. 


Example 10G. 

Suppose tli at on the 15th of November, 1814, at 3 h (V 5" P.M 
the mean observed altitude of the sun's tipper limb was found, 
from a series *of observations, to be l£P 4' 22", corresponding to 
the above time'; the latitude of the vessel being 51° 42 North, 
and the longitude V West, by account, and the height of 
the eye 14 feet above ijte surface of the water; what was the 
t rror of the watch ? Ans. 23 ' 33 ' too slow . 

Examph 107. 

Suppose that in South latitude 33° 5G, and East iengittule 
*8° 12', by account, several alutudtg of the sun's upper limb 
were obsuved, and front ascertaining the time of each Iv a 

' y 2 
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*1 , l ft 

good chronometer, the mean time is found to be 40 minutes 
past S 9 KM. an* the 27th of Mi|ph, 3S1& 'und the mean oorres- 
pondin£%totude 25° £C/ v Requireift the* time at the plade 
of i^servation, and the error the ^irdjioitxete^ ; the height of 
t^e,e^being 17^ feeet above the q£ the sea; the 4*aro« 

sze:^? 50^ inches, $itd Fahrenheit's fiieVtoometer 77°’H2. 

* /True time - 3 h 34 "■» 

Ans. 'i "* 

t Chronometer too fast 16 26. 

% 1 * 

Horary angle from the Altitude of a Star . dr/. 77* ^ 

* i 

Example 10 & 

At 30 minutes past 4, P.M. by the watch, on the 14th of 
December, 1814, being on board a vessel in latitude 37 c 46' 
North and longitude 21° 15' East, by account, the mean altitude 
of ArcturuSy when East of the meridian, was found, from a 
series of observations, to be 34° 7' 12"; at the same time that the 
height of the observer's eye was 15 feet above the level of 
the sea. Required the true time at, the place, and the error 
of the watch. 

The time of the observation reduced to the meridian is 3 h :V, 
The declination of Arcturus was at that time 20° ff 32" North ; 
and, as the latitude and declination are both of the same name, 
the polar distance of the star was 6f 50' 28"; and its rigid 
ascension, in time, 14 h 7' 11". The sun's right ascension at the 
same moment is 1 7 h 25' 27". Hence 

The apparent altitude of Arcturus - 34° 7' 1 2" 

Elevation of the eye 15 feet. Depression — 3 48 

’ « S4 3 24 

Refraction - - - - „ — 124 

True altitude of Arcturus - - 34° 2' 0* 



MOBARY ANGLE FROM THE AITXTQXK OF A STAB, 215 
*> , * 
True altitude of theater 34°' 2' 0" , i t 

Latitude of the pladb *. 37 £)$£• 0 comp. h&r, , 0 ; 1 0209*8 

Raliu 4 distance of thie SO* 8^ cori^ sink J$b&t45d#' 

sum - \ J g m* $$$>$* \ * ' ; , & 

Half Sum - 4 9 " 14 ** r cos, 9*«^Sl 

Half Sum — Altitude * ^ # * 47 14 ‘ -ff sin. 9'77pllk 

v Sum - - - 19*4234280 

Half Sum - - sin, 9’7117140 

Half the horaryangle - 30° 59' 24" 

Multiplying By - * 8 

Horary angle in time f ^ ti h T 55" 

Right ascension of the Btar 1 14 7 11 

Right ascen. of the meridian 9 59 16 
Add 12 hours - ^ - 12 

2l 59 ^6 

Sun’s right ascension - — 17 25 27 
True time at the place - 4 33 49 

Time by the watch *■ 4 30 

Watch too slow - 0 b S' 49' 


Star East. Subtract 


{ 


Exdmple 109. 

Being at sea on the 7th of July, 1814, and in S. latitude 
29° 12', and E. longitude 55° 15'; according to the Ship’s 
reckoning, at 21 minutes past three o’clock, A.M. by a watch 
that was about 20' too slow, when the apparent altitude of 
Antarettj West of the meridian, was ascertained to be 7° 50' $&% 
and the height of the observer’s eye was 21 feet above the sur- 
face of the water. It is required to calculate the true time at 
the place of obser vation^aiid to ascertain the error of the watch. 

€ True time S h 4 Cf 3" A V M. 


y An s. 


| Watch too slow 0 19 3 * 


t Example 110. 

Suppose it should be ascertained, from a series of six obser- 
vations, taken on the evening of the 1st of February, 1815, that 
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the mean altitude of Pollux, wtpi East trf the meridian, was 
equal to 36° 4*J' 32% and the mean corresponding time equal to 
6 h 12' 4sQ", FJ.M, by a good Second* watch. The latitude belftg * 
53° fi4 r North, und^Iongit^e #5° by accbunt, and the 

height of the eye 18 feet ; also the fij^ght gfthe haromete^qual 
to inches, and FaiTrenheit's thjrmomel^r 28°*4'. Required 
the difference between the true time at the place' of observation 

, * tv 

and that indicated by the watch. 

„ „ * Ans. Watch too/ast, O* 1 0' 37". 

* « \ % 

^ Example 111. * - " 

Suppose/ that on the 20th of September, 1815, in South lati- 
tude 40°, and East longitude 110°, when the chronometer on 
board the vessel, which was about l h 53' before true time at the 
place of observation^ was 9 h 13' P.M. the mean altitude o£lFo- 
malhautj East of the meridian, was, from a series of six obser- 
, vations/ ascertained to be 45° ll' 12" ; the height of the mercury 
in the barometer 30*2 inches, Fahrenheit’ s thermometer standing 
at 72°, and the height of the observer’s eye being 19 feet above 
the* level of the sea. Requited the true time at the place of 
observation, and the error of the chronometer. * 

J True time at the place of observ. 7 b 21' 4" 
Ans. ^ Chronometer too hist * 1 51 56, 

CALCULATION OF ALTITUDES. f * 

% 

. True Altitudes of 1 he Sun . Arts. 78, 80. 

4 Example 112. 

Required the true altitude of the sun qn the 14th of July, 1814, 
at 3 h 42' 20" P.M# in latitude 5° 56' l/C S. and longitude 
15*2° 3' E. 41 

fcf As the time for which the altitude is required 4$ flfcer noon, 
the time expressed in degrees will give the horai^r angle ; and 
the bfcher elementary quantities of the calculation will be easily 
found by the preceding rules : hence. 
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* The horary qjpfc - 55° 36' 30" 

, Thatgivm latitude - 5 55 45 ' 
*&m’s declinatfcn* «. 21 44 48 ^ 
* -Polar dijfeypoe ^ **^11* 44 -48 

Hai&the horary 27° 48' l£" 
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<** 


Poliur distance* 
Latitude - # -** 

Polar disk — latitude 
Difference from* 90* 


* | in 


44 48 
55 45 



0*0041458 

9-9S3&X0 4 
97101*29 


* 105 49 3 

15 49 ,3 f 

■«r 

Hajf difference frora90° - 7 54 comp. cos. 

Auxiliary angle - si& 

Ditto - • cotf.' 

(Cos. auxil. angle — comp. cos. ^diff 90°) - cos. 9.7060071 
k (90° + altitude) w - 59° 27' 3^ 

(Double — 90 °). True altitude of the sun * 28 55* 

v 

Example 113. 

Required the sun's altitude on the 27th of October, 1814, at 
9 h 1 O' 15" A.M. in North latitude 4 3° 24', and West longitude 
5H n 33' £1". ‘ ' Ans. 12* o W. 


Example 114. 

What will be the true altitude of die sun at 10 minutes past 
four, P.M. on die 12th of May, 1815, in South latitude 28° 30', 
and East longitude 12° 48'? Ans. 19° S' 40'. 

* Example 115. 

Required the sun's true altitude on the 4th of August, 1815, 
at 7 h 50' 50", A. M. by a watch that had been ascertained to be 
27 4 too slow. The latitude of* the place being 15° 40' North, 
and the longitude 72 t V j ©' 45" West* Ans. 37* 0' 56"* 

T 

• *■ 

h ' 

4 True Altitudes of the Moon . Arts. 79? 60. * 

* ' Example J 16. 

Being in North latitude 26° 47', and East longitude^ 0 45 
on the 4th of May? 1814, at 58 minutes past ten in the evening. 
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by a watch that was 13' 5" before true time. Required the true 
altitude of the moon's centre at that motoenL ^ 

Time by the watch ^ ' 10 h 58' 

Watch too fast - - 1 3 5 " 

"True time at the ffflace, of the jjpq. fdtft 10 44, $5 

t. / Longitude, East, in time - — 2 27 0 

^ - — - 

Time reduced to the first meridian ’ - 8 U 17 55' 

* . * 

Time at the firs^ place of the required alt. 10 h 4*4' 55“ 

Sun's right ascension - - Add. 2 44 49 

Right ascension of the meridian - 1.3 29 44 

Ditto in degrees - - *- 202 26 0 

Right ascension of the moon - - 227 1 1 0 

Horary angle of the moon, to the East - 24 45 0 

Declination of the moon S. - - 12 51 0 

Distance , from the elevated pole - 102 51 0 


Half the horary angle 

- 12° 23' 

- cos. 

9-9897766 

Polar distance 

f 102 51 

} 2 sin. 

4-99 44924 

Latitude 

1 

1 cos. 

4$7 53569 

Polar dist. — latitude 

- 7 6 4 



Difference from 90° 

IS 56 ’ 



Half diff. from 90 ° 

6 58 

comp. cos. 

0-00S2183 

• 

Auxiliary angle 

f sin. 

9 ‘ 962 8 -f 42 


t cos. 

9-5933679 

(Cos. auxil. angle — iomp. cos. ^ diff.) 

- cog. 

9-5951490 

j. 

2 

(90 + altitude) 

- 

66 ° 49' 


( Double — 90 °) % True altitude of the moon - 43 38'. 


Example 117. 

Required the true altitude of the moon’s centre, on the 8th 
of September, 1814, at 4 h $fb' 35", A.M. by the* watch, in lati- 
tude 11° 6' South, and longitude 72° 13' 21" East ; fta|;Watch 
by which the time was ascertained having been foui^ from 
altitude of the sun taken on the preceding evening, to be 
21' 14" too slow. i Ans, 49° 11' 46". 
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' Example 118 ., 

It is required to 5 fcalciflatp%h^ true altitude of the moon’s centre 
on the 12th of April*, at *>,!' 50" 10", P.1V1. hi latitude 

S7° 44-' S. ail'd longitude^ 0 2?/, Wv» Ans. 18° 48' 52''. 

. t f trample 11 %. ^ ' 

Suppose that on the 24th of August, 1815, the true altitude 
of the moon's centre was required ; but that the horizon could 
not then be sufficiently distinguished to admit of its being 
ascertained by observation, Alsu, that qt the moment for which 
thi^ altitude is required, a good watch, which, at 20 minutes 
past nine on the preceding morning, had been 1 found to be 
1 T 31"4 too fast, and to have regularly gained 3 } per day since 
last time it had been regulated, indicated 1U 35' 42" P.M. 
yii--|Wkitude of the place of the req uirec|. altitude being 18° 41' 
■WM, and the longitude 63° 16' 20" W, and the height of the 
eye 16 feet- The true altitude is required from calculation. 

Ans. 48° 12'. 


True Altitude a of thcjStars. Arts. 79> 80. 

Example 120 . 

On the 26th of February, 1814, at 40 minutes past three in 
tbe afternoon, being in North latitude 47° 23', and West lon- 
gitude 32° 48' 14", the chronometer on board was found to be 
12' 2 9' too fast with respect to true time. The vessel then pur- 
sued a NW, by W. course, at the rate of six knots an hour for 
the sp&ce of three hours and ton minutes. Required the true 
altitude of the star Pollux at the termination of this course. 
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Time by the watch at the first observation - S' 1 40' 3* 

Duration of course - - * **«■ ’ ' Add. S 10 0 

Watch too fast ■ - - ■ - Subtract. 12 29 

True time at the place of die required altitude* 6 37 Sjt * 
Longitude West, in tiling - £ Mdd. 2 a 12 jg,. 

True tUte reduced to the first meridian - 8* 49" 4!r 

Time at the place of the required altitude , - 6 1 ' 3f 31* 

Sun’s right oscension - Add. 20 59 44 

* 27 37 15 

t Subtract. 24 

Right ascension of the meridian - - 3 h 37" 15" 

In degrees - - 47° 29* 0" , 

Right ascension of the star Pollux - - 107 15 % Q *' 


Homy angle - 

The star to the East of the meridian 

59 

46 40 

Declination of Pollux 


N. 28 

27 58 

Distance from the elevated p^e 

61 

32 2 

Half the horary angle 

- 29° ’ 53' 20" ■ 

COS. 

99380158 

Polar distance 

6l 32 2 - 

4 sin. 

4-9720189 

Latitude 

- 47 33 36 - 

3 COS. 

49145932 

Polar dist. — latitude 

- 13 58 26 



Difference feom Q0° 

76 1 34 



Half diff. from Q0° 

38 0 47 comp. cos. 

0-1035468 


Auxiliary angle. - 

/ sin. ? 

9*9281747 


i cos. 

9-7248392 

(Cos, auxil. angle — comp. tos. difference) 

- cos. 

9-6 212924 

i (yo° + altitude) - 

* 

65° if 5* 


(Double — Q 0”). True altitude of Pollux - 40 34 10 

Example 121 . 

Required the altitude of the star Fomalhant, fin thASlst of 
September, 1814, at midnight, in South latitude 8° 49, and 
East loifgitude 87° 2T 15". Ans. 56° 30’. 
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, ' Example 12$. - » ^ ’ * 

Cakiilatethe altitude %f-.tf2#e6ara», in South Latitude 25° 23' 
and West longitude SQ° 10' 12", on, the 25th of ‘Janu&sy, 1815, 
at 2^0 minutes pest tejtatnight# £ns. 35° 24'. 

"iF ' * * ^-%vample 199. _ ■* ' 

"Find the altitude of Antares on the 20th oRlkugust, T8 15, at* 
32 minutes past eleven at night, in latitujLe"25° 31' South, and 
longitude 36° Si' East Ans. 21° !&'. 
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' PRACTICAL EXAMl*l®S $0 •- 

CHAPTER V. r * 

1 a 

f Regulation of Marine Chronometers . Art * 88. 

♦ 

Example 124. 

Being in South latitude SO 0 25', and East longitude 78° 27^ 
on the 5th of February, 1814, the mean altitude of the sun was 
found, from a series of six observations, to be 34° 20', and the s 
mean corresponding time by the chronometer, 7 b 38' 5' A.M* 
On the 1 1 tlx of the same month, a second, series of observations 
was made, from which the suns mean altitude was ascertained 
to be 2,9° 31' 48 , and its corresponding time by the same chro- 
nometer 7 h 20 A.M. The latitude of the place of the second 
observation was 32° 48' South, and its longitude 8 3° 37 * East. 
Whether had the chronometer gained or lost, with respect to 
mean time, during the interval between the observations, and 
what was its rate ? 


True time of the first observation, found by \ 

Ob 

o' 

r," 

tile rules in art. 75 - - - - J 

o 


0 

Equation of time February 5 - 

+ 

14 

22 

Mean time of the first observation 

8 

37 

27 

Time by the chronometer at ditto - - — . 

7 

58 

5 

Chronometer too slow Feb. 5th at 7 b 58' 5" A.M. 

o h 

19' 

22" 

True time of the 2nd observation, Feb. 1 1th - 

7 h 

45' 

3' J 

Difference of longitude in tife - - - C 

— 

2° 

40 

True time of the second observation reduced to 1 

i 

24 

23 

the place of the first - - - - J 

7 

Equation bf time February 11th - 

+ 

14 

36 

Mean time of the second observation 

7" 

38' 

59' 
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ir 

Mean time of the 2nd observation r - - 7 h 38' 59" 

Time by the chrondnietetf 5 “ - - 7 20 , 0 

Chronometer too slow, February 1 1th, at 7 h 20' A.M. * 18' 59" 
Ditto February 5th §t 7 h 58' 5", A.M. - - 19 2^ 

Gqify in 6 days V ^ ** - - - - - 23* 

Divide by 6 . Gain in 24 h , or bate - .* *1 s’'| 

' Example 125. » 

On the 30th of August, 1814, the trilcf altitude of the sun’s 

centre', found from a series of observations, was 71° 52', and the 
^ ^ ’ 
corresponding time by the chronometer 5 h 27' 1 6 " P.M.; w the 

'V 

latitude dt the place of observation being 48° 35 / North, #nd the 
longitude 62° 43' West. On the 7th of the following month, at 
6 h 30° 3V P.M. the altitude was again found equal to 8° 54' 2 5", 
the latitude and longitude being the same as before. Required 
the gain or loss of the chronometer with resj>ect to mean time, 
and its rate during the interval between the observations. 

A f Gain during the interval 48"*8. 

* l 0ady rate increasing (rl . 

* 

Example 12G. 

Suppose, on the 1st of May, 1815, at 5 11 2' P.M. by the chro- 
nometer, tlip mean altitude of the surfs lower limb, found from 
a series of 6 observations, to be 20° 2(f 35" ; the latitude of the 
place of observation being 53° 2l' North, and longitude 3° 57' 20" 
East. Again, on the 12th of May, at the same place, the mean 
altitude beihg 14° 1 1/ 53”, and the corresponding time, by the 
same chronometer, (i h P.M, The height of the eye, above the 
surface of the sea in both cases be i tig 18 feet; required the va- 
riation of the chronometer from mean time at each observation, 
and its daily rate during the interval between the observations. 

i % r At the first obs?fe(ironorn. too fast 8* 45 *8 

Ans. < At the second obs. clironom. do. 8 31 *0’ 

•' 1 l Daily rate during the interval, loss 0 1 *17. 

r * 

Example 127. 

On tbe 3rd of October, 1875, at ft h 35’ A.M. suppose the mean 
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altitule of the sun's centr^to be 58^53', in South latitude 5» 5Q, 

*nd East longitude 105° 32'. And'#gain ^on the f^Ui d^ dhe 

same month, at 1C? 1 20' A M. supposehis mead altitude from a 

series of observations to be 65° .4' 40", the latitude of the place 

of observation being 9° 10' South, and ‘longitude 104° 54'E. 

Required the rate of the chronometer by which the timfe Vaa 

observed, the height of the eye at each observation being , 20 

feet above the let^l of the sea. a ** 

* ^ ^ ’ 1 
* Ans. Daily gain £"*9 nearly. 

^ * 4 
:a * 

& 

Longitude by Marine Chronometers . Jr/. 9& 

% 

Example 128, $$ 

On the 20th of February, 1814, that is 9 days after the chro- 
nometer had been ascertained to be 18' 59" too slow, and to gain 
S'* in 24? hours, (See example 124,) six altitudes of the sun's 

o x * r ■ 

upper limb were taken, and themean altitude found to be 
38° 50', and the mean corresponding time of the obser- 
vation, by the chronometer, 9 h T 10" A.M. the longitude of the 
place where the chronometer was regulated was 83° 37' East, 
and the height of the observers eye 21 feet above the level of 
the sea. The latitude of the place where the mean altitude of the 
sun was taken was 34° 1(/ South, and the longitude, by account, 
75° 21 E. ..Required the true longitude of the vessel at the 
place of the last observation. 

Latitude, by account - 34° 10' 0 

Longitude by ditto - - - - - 73 210 

Mean observed altitude of the sun's upper limb 39 J l 46 
Elevation of the eye 2 1 feet. Depression - — 4 30 

Surfs apparent altitude ^ - - i. SQ 7 16 

Sun's semi-diameter - - - - - -* 16 1& 

38 51 4 

Refraction — Parallax - ~ - — 14 

True altitude of the sun - ^ - - 38 50 0 



1 ( 1 V 

e, f ,9N ? 
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Time fc^thechrononaeter ^brrespoiH^ng to the 
mil altitude, FiSbruai^p 2bth 
Chronometer too slow w^en regulated, February \ 

lltha*7 u '20'A,M. - - - . _J + 18 & 

, .>* • 

otin in nine days, from the rate 3J’ 

; i * 35 

Equation of time - 
True time at the place . df regulation 
Longitude East 83° 37$ in time - 

Time at the first meridian, A. M. 36' 59" 


7' JO” 


9*26 9 


— ^ 14 8 

9 11 27 
— '5 ' 34 28 


Declination of © , South - - - - 11° 9 7" 

©istance from the elevated pole - - - 78 50 55 


True altitude 0. - 38° 50' 0" 

Latitude - - - §4 10 0 comp. cos. 0*0822806 

Polar distance - - 78 50 53 comp. sin. 0*0082790 

Sum 161 50 53 

l Sum 75 55 26 - cos. 9*3859840 

Half sum — altitude - 37 5 26 - sin. 9*7803724 

' sum 19*25(i9l60 
l Sum sin. 9*6284580 
Half the horary ajjgle - - - - 25° 9 18" 

^ Multiplying by - 1 - 8 


Horary angle in time - - - - - 3 h 21' 14" 

Comp, to 12\ Time at the vessel -* - - 8 38 46 

#Time at the place, where the chronometer ) 

' 1 , j l r 9 11 27 

was regulated - > 


Vessel to the West of the place of regulation 

. * • .ft 111 de e rees 

Longitude of the place where the chronometer 
was regulated - 


0 h 32' 41" 
8° 10' 15' 

} 83 37 


Longitude required ----- E. 75° 26' 45 
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* * •*• 

Example 1 £ 9 . . 

Suppose, that on the 10 th of July, 1814, the true timif jiajs 
found to be 2 h 52' 12* P. M. at the moment- that a well regulated * 
chronometer, which was known to be 12* 27" before truf time * 
at the first meridian, gave 5 h 50' 10". Required the longitude 
of the place. V « 1 ' Ans. 41° 7' 45“ West. 

■ Example 180 . . * ^ 

On the J5th of May, 1815, suppose the true time, found by 
an altitude of the sun,, to be 7 U 5& 54 tf , A. M. civil time, at the 
mome^ that a well regulated chronometer, mIHhL was 13'4 
behind mean time at the first meridian, gave 6** W 30\ Re- 
quired the longitude of the place of observation. t 

Ans. 23° 1' 45" East. 

# 

Example 131 . 

Suppose, on the 21st of August 1815, at 6 h 2? jtruc 

time, obtained by an altitude of 4:he sun, that 
which was then with mean time attnb first mcridia^^lpifed 
10 h 39' 33', and was found to gaiif.Ti daily. Also, ori uuf 2nd 
of September following, in latitude 34 n 28' North, and longitude 
75° 4 5* West. Suppose the altitude of the suns lower limb to 
be 21° 50' 20" when the same chronometer gave 9 h 37' 20 P.M. 
the height of the eye above the surface of the sea being 16 feet. 
Required the true longitude of the vessel at this last station. 

"v Ans. 75° 29 ' West. 


Correction of Longitude jound hy Chronometer a\ ArL 97. 

Example 132 . 

On the 22nd of March, 1 8 1 4, at 3 h F t M. from observations 
of the sun’s altitude, the chronometer on board a vessel was 
found to be 37' 15H too fast, in longitude 57° 24' ^cst ; and 
to have a daily rate of increase equal to 2 ‘1. On tfye 2nd of 
May following, at ten minutes past five in the afternoon, the 
same chronometer was found to too slow with respect to 



the place of*»bservati<|3, byi b 18' 22"*5 ; and 
thef0l^|te of incre&M$wi» thenS^". Required the correction 
to bVippHcd to iSle longitudb of this last i3a«e of'db&!Mf§$ri v 
i $& found frcWi the fir$ daily variation of the chronometer, %d ,!l 
also -^^corrections oflB|e longitude found by tile saine mean* 
on fi&SOth ofMarch, and the 12fl& andSlst of ApiSl. '\ . 

* M li; 

Daily variation of the chronem^er at the'li^bser. 

Ditto at the fhfeond observation - * ^v'V ' - 


Mean varial 



2-1 

ll 

B-7 

A S am 4-2-85 

nr t’t 


/ 


. 8T 1$H 
+ 12 6-3 
+ l' 1 18 22-5 

' .A,. . - 

l h 57' *"'2 


Chrononiete^oS fast at the first observation 
Accumulated gain from March 22nd to May 2nd ^ 

41 days 2 h ltf at 2"*1 per <|ay 
Chronometer too slow at the 2nd observation 
Diff. aflcgg^ih time, between the two places 1 
ofj^l|||&i®arding to the first variation, 2"*1 / 
Pi jl^ ^ ^K ^gitude in d^yees - - fs - 29° lh' 3" 

Di€em®Ppf longitude calculated in the same 
manner with the mean variation, 2 *85 - 

Since, by the nature of the question, the vessel 
was evidently sailing eastward, the correction f . v 

of the diff. of long, on the 2nd of May, cal- T ^ 
cukted with the first dafly- Variation, 2"*1, is J - 

Hie place arrived at is therefore East of that which is found 
by means of the first diurnal variation. 


| 2f) 23 


45 


Correction of longitude 7' 42", or 46’2 ' - w* . log. 2*6646420 

Multiple, from TabfeXI , answering v 

to 41 days 2 h 10',betweag,March ls65, comp. log. 7*0629839 
22nd, and May 2nd - j 

0 Constant logarithm Sum — 1-1276259 
Prom the 22nd to 30th March, 8 days, ) „ 

Multiple from Table XI. ' - \ 36 hg ' 1,5503025 

+ Sura 1^839284 
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ete: 



"»■ ' . 4 " ‘ ■ ' Sum 

Correction for the Joi^gitu^ j|bunct M&fch 30th 
By adding the logarithm of the multiple answering < 
to 21 day a, from March,* 22nd to April 12th, L— 2' 3*-4> 
iV Table XI. the correction jgfceu ' -lu 
Also for the 21st of Jk]&ril t^^TOrectiwis found | , 

rdis 


v*?; 


in the same m; 





5 = 4T%H 


Example 133. 


st, 1814, the watch was found to lose 

_ ft . a , *■ 

to correspond to mean tmgsB^t 8 K 23 A.M. 
22" West. On the 1st 


lowing, the same watch was found to lose 3 



'M 


ember fol- 
day, and to 

be l h 14' 36 behind mean time at the plal’iPbf observation. 
Required the corrections to be applied to the longitude found 
by this watch on the 22nd and 27ui of August, on account of 

the variation in its rate. & ( On t!h&£2nd l(r*7(>, 

Am . | on 

Example 134. ^ * - 1 

Having regulated the chronoipeter to meantime at Plymouth 
harbour, previously to sailing for the West Indies, on the 12th 
of November, 1814, at 9 h 42' A.M. when it corresponded with 
mean time at that port, and the variation fo# the last 24 hour? 
was nothing : but on the 27th of the same month, at a quarter 
before four P.M, the same chronometer was found to be 5o 24"* S 
before mean time at the place df observation, and to be gaining 
at the rate of 4 " 6 per day. Required the correction to be 
applied to the longitude of this last place of observation 
found from the chronometer, as regulated at Plymouth harbour, 
and also that which must be applied to th dJMp gitude found by 
the same means on the 20th of the mo^f^lhe place of de- 
parture being in longitmjp 4° 8' 10 f/ ^kesff 

{ On thu 20th 1 38\ 
AllS ' \ OntbeSTth 5 57* 

Example 135. ; 

\ ^ r - , 

Suppose that on the 6th of Jujjjg, 1815, before sailing from 





HASHES 


& 


rGiits . . 

Gbod £npj||bt longitiide 18° 84' East, the Watch 
i to, gain Sf'-4(“p«r t&y, wi^n$spect to mean tirae 4 btft 
iys sailing it. was ascertained to dose 5"*7 per day. 
Required tlie 'correctiiUn^ which it it necessary to applji to the i 
long ^# eB found b y iMl^at dtoMfct be 10th, goth, and 28th of 

the 15th 0' t 28‘'. 

* Ans. tftg. 20th 0 59 . 

28th 2 7 - 




Wr 

the tome month* 




^|^HAPtER VI. ', 


V 1 ,njl V v to* * ' ( . ( 

Lcny*$$le distances of the Mponfoomfl^Swn (mi 


4 

^ ? * 






Method of folding the Altitude of the heavenly bodies? the distance 
of bhich has been observed Art. 104?. • Jf ' \ 


Example 136 , 

On the morning of tb^l5th of March, 1 Si 4, before taking 
the diistance between the sun and moon, "the mea^^jtiide of 
the sftn's lower limb^trom a series of observation^, vw fouiid to 
be 1 2° 4fi' 3", and the corresponding time 10* 14?. The 
altitude of the moon’s upper limb, when West of the meridian,* 
was likewise ascertained to bt$ $7° 59 31”, andibe time, by the 
watch, answering to this observation 7 h 11^ The time an- 
swering to the mean observed distance between the nearest 
limbs of these bodies was 7 l> 13* ^$^ er this, ^ ie altitude of 

the sun s lower limb was again fovtad to be 13° 35' 3 $) and the 
^ corresponding time 7 h 14' 53'. Also the altitude of the moon's 
upper limb, and the corresponding time of the observation were 
again found to l^"37ljfe5' 56 and 7 U 3 6 5". Required the 
true altitudes of the centres of those bodies 8%$^ instant of the 
mean observed distance, the height of f the observer's eye being 
21 ^ feet above the level of the sea. ^ 

# 

Times. Attitudes of the Sutf. 

1st observation - 7 h 10* 14" - , - 12° 4*0' 3' 

2nd observation 7 11 53 - - 13 35 39 ' 

1st intcrval^^ * - 0 b 4' 3Q" ^ Diffidence 0‘ So 30 




**»., 

* J*' J ** 

ife first obs<?mition 


' V* * 
"*# !* 


; the ibean distant**' ’ 
- 


Ti 
Tii 

2nd interval 

»* >•; 

# ' ’■#■ Hf* 

lstirfter. 4' 39' : 2nd inter. 2' 54 "* ; 
2nd chaise in altitude. By logarithm 

1st interval ^ , - 4' 39"= 27 $'', 

2nd inter* «1 4 - $ 55 — 175 

1st change in ^p^t de 5% 36**333(5 
2nd changn^BvaKtude 34 52 *= 2092 

Observed altitude of the sun 
2n|3 change in altitude. Sun ascends. 

* - . A 


A * - 

'S • 


'f*E HEAvEiitt- hobiiti^ , 'lfe. •• 

vt¥^rir 

v * ■ ? b ** 

- o* 2 ' «r<. 

« ’ . ' 

iange in ah. 55' .36"; 

V; i 


n, .<* . 


7-4543958 


■¥ 



*? 18° 40' 3" 
/Wd 34 52 


Altitude of the snn at the title of the observed dist 13° 14' 
Sun’s semi-diameter * ' ..«?*/* 


i- ■ 




^SjP eye 21^ feet 
Refraction-- PatJSU ax 
True altitude of ike, bun 




Times. 

7 h IT 

7 16 

■^W 


d- 16 6 

13 3fr* ;1 

■: — 4*%3 

_- a ._. 3 83 
13 ° 23 ' 5 " 

ff 


^ / t 

* Altitudes of thi Maon. 

37°. 59' 31" 
- ■ 37 25 56 
3" - Difference 0 C 33' 35" 


2 " 
5 


1st observation 
2nd observation 
1st interval - 

Time of tbe first observed altitude 
Time of observing the mean distance 
2nd interval f - - . 

•. . Then 

1st inter. 5' 3* : 2nA intjj& 2' 7" : : 1st change in ilt^pi' 35' : 
2nd change in altitude. By logarithms, 


7 h IT 2" 
7 IS 9 


■O* 1 2' 7" 


1st interval - - 5' 3" = 303' comp. log. f -5 185574 

2nd interval - 2 7 = .127 - ^tog. 2*1038037 

1st chapge in altitud| S3 35 ss 201 5 - Jog^. 3-3042751 

2hd change in altitude 14 '** 5 = 845 - lpg. 2-9266362 
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1st observed altitude'bf the moon - - - 

#tnd change in' altitude. Mew descends* Subtract 


37* «'• $1” 


Semi-diameter of the moon 

% ' «•* 


Altitude of the moon at the tune of die obs. diataffee 87° 4‘5* 26’ 

- ■ r, - - 14 58 

*’* £ Difference 37 2$ 28 

Height of the eye Sl^feet - Depression — 4 83 

Parallax — Refraction 9!* moon - - - + 41 52 

* * v * 

True idfikude of 1 /ti&tu o,\ 

' 

\ ' Example 137- 

Suppose the distances and altitifjles of the suti .^4 moon were 
observed lo be as follow : it is required to find %^’tme altitudes 
at the time corresponding to the^meun distance; supposing’ the 
observations to have been made on the morning of* th$ lpth of 
July, 1814, and the height of the eye 15 feet above the level of 



the sea. 


J * 

- 


Obseived alt. 

V P< « 

f 

,Ok#*i4e<l alt. 

Times. 

q’m low. limb. 

Times* 

loW'i-r bnib - 

8 h 2' 30" 

- 3fj° 42' 

8 h 2' jqf" 

* 20° 46' 

7 0 

- 40 2Q^< „ 

* T 

6 10 

- 21 20 

Diff. 0“ 4' 30" 

Diff 0° 3^ 

’ *y» *■ 

Diff. 0 h 4' li' ’ 

“ " -r , 

Diff 0° 34' 



Obs d ist. Sim and 





nearest limbs. 

R .%i40 o 0' Oj 

' 0 30 

** l 30 

Mean 40" 0 40" 

JrV’l,’ , , f Sun’s centre # 40° 

Aft*;, TWe altitude. , 

v ( Moon * centre 22 


Tune. 

8 h S' 20" 
m 4 ‘20 

5 50 

Mean 8 tl 4' SO" 


9 ' SO’- 
12 25. 


' A Example 18$s 

Let it be supposed that the distance between the nearest 
limbs of tlflfe sun and moon was observed at C h 10' 
when they were both West of the jneridiap, and that the altitude 
of the suns lower limb was found to be 18° 12' Hi" at 6 il 5'; 14 " ; 
and tliat of the moon's lower limb 3£ n 1 X' 2$*, at 6 h 7' \%\ Also 



' AtTITOD^^THK i . 4j?Sl 

that the' altitude of the 'same limh of the '§\M at 6* Jro SAy was 
17° $&*88" ; and. likewise that thealtitude hf the nk*tff» loWe$ 
limb was 80° if 15 , at 6“ 12'. Required the trtffe altitude of 
the centre cif each pf these bodies gt the time of ohserving ih® 
distance between theiq£ .flie height of the observes .eye Being- 
18 feet above the surface of the tfea; an^dte observations made 
on the 5th of April, 1815. jf 

^ Altitude sun'd^ptre 18° 5r. 

... 4? AnS ‘ l Ditto Moon's centre Sljjsi 57- 

*P 

Example 189 . 

Suppose* ^^^stance bet\$eeh die farthest limb. of* the moon 
and the star Antares to have been observed, at*^O h 2' 41" P.M, 

^ , dSt ji 

on the 12th of October, 181 5^ when the fbnn'A%as East, and 
the latte^ West of the meridian ; and that W ?> before this ob- 
nervation, the altitude of die njoons lower litnb was ascertained 
to be 43* 12' 14", and that of the sta^at 10 h 1 ; 8", was f>7° 4'. 

10 h 3 f 56 , the altitude of the moon’s lower limb 
was Igaj^fouSpd to be 44 <\ S', and that of Antares 56° 25' 7". 
Required die respective altitudes of these bodies at the moment 
of observing -the. distance between them, the height of the eye 
being if) feet. ? J / 

£ True altitude of moons centre 41* r> 82' 16\ 
ns * £ True aSpude of Antares - v 50 87 27 . 

; * \ 4 ' , . *' ■ 

Calculation of the true distance, the time at the first Meridian , ami 

the Longitude . Art toy, c’j-c. 

^ Example 1 40 . / f( ‘ ' >■ ; 

Suppose that $n die 8th of August, 1814, ’about 6 h So' A.M. 
in North latitude %l° 30', and East longitude, by account, 24°, 
the mean observed distarffee between die nearest lim^s of the sun 
and mooiffyras 99° 8' 20", as ascertained by a series of six ob- 
servations, /The observed altitude of the suns upp^limb being 
8° 27' S9 f , and that oil the moon’s lower limb 54° 27' 4". The 
height of the observer’s eye being 1 0 feet ; that of die barometer 
30 m U inches, and of Fahrenheit's- ^ thermometer ()7°7. Required 
the true longitude of the vessel at the time of the observation. 




Ltt&dc Nonji . .51° 30' £ 

’ Tifee byanamtt f*’ 6 h 3(X *0" 
Longitude faAme E, 1 36 *9 
Time at the 1st m&wfc 4 5$ 0 

€?in’s sa^i-diameter 
M oon J ayteoi-diatncter "JL15 .47 

Aug. cffmoon’s scmw% 

Moon’s sennJtia. correctykklk? 9 
Moon’s equatoj?^! par*l.^ 57 50 
Diminution of parallax 7 

' Moon’s parallax cfrreeted 57 ' 43 

Sun’s observed altitude^ 0 27' 
Depression of horigw ’& 3 55 
Biff, 3 23 4% 
Sun’s semi-diameter * ■*» 15 43 
Sun’s apparent altitude 8 
Kcfrnct —Par. 5* 52" 

Tliermf 67° 7 — 9 5 

Baromet . 30* 5 in. 

Sun’s true altitude 


Iks CakvUtim. 

r If oi>n’»- observed aUituJ 
.BepTWsJTO oftjhe f>gni 

4 . 1 . ii 


;|V ■ , 



Mori’s semi-pttaeter 
Moon's apparent altitude 
Paral^Jt — Reflation 32' 40^ 
Thermometdf dT^f - -f. 1 
^Barometer 30’3 in. |^f— 1^ 
Jdoo^true altitude *, * 

Bifferpce in 24 hours 
ProporlLnal diff. fur 17 hoilts 
Bt’chu. at the time of observe N. 
Dif.frpj# 90°. Polar distance' 

Observed distancf 1 *© ([ r t 
Sun's serai-diameter - * 

Moon’s ditto - - 


CaUulaii 


% 


Apparent distpyttce © 40' 

Sun’s apparu ^Ititude ' 8 T 
, Moon’s ditto - - ^4/’ 39 

Sum 1& *27 13 

i Si»ro 81 13 36 

Appar. dist. — | Sufo J|^(i At 

Sun’s true altitude Vi% * 2 ' li 

Moon’s ditto V- I 5 5 1 ) 49 



m 87' 

4* 

i'l p* $ 

55 

. Sf 23 

9 ( 


6 

- ^4^9 

9 

.. 7 j 


. +.32 
► 

40 

&s& ii 

49 

i ' is as 

50 

•JiiL 

1 

. 16 

49 

ft ' 12 

10 

-16 11 

40 

73 48 

20 

4 

8' 20'' 

as 

48 

18 

0 


99° 40' 8" 


V> 13 57 


J Sum 51 36 53 
A utfRUry angle 
Sum — 10 
Half distance 

Double , Tatra distance l^mmi 


•• cos- 9 1837853 

- co i 9*9771029 

- cos. 9 995714^ 

- 4 cos. 9*7564515 
- Stun 39* 15^)992 

h Sum 19*5775496^9'647324^|«ui. atix. angle 
cos. J 9*9302252 J 26* 21' ‘» r mix. , iiigje. 
"«os. \ 9 9523248 ' ‘ - 

sun 9/8825500 

• • 49 - 44 ’ ** 

99 n 



CA lASfLAMf# 


‘ #4 »ir 


. A. “W - 

w ' 'ton of the time (tfthejirit'MerieUanP-f. \ 

‘ " „ > *T * r ' * -i ’.'jj, , ' t ' i , 

- *2f 1^33'Vss 5625''«^le^€‘^9^r5, 

H 53.fl . lit int«rM“ S'- 2=10800 - ^.4033*238 


Dist. — -, , 

Xruedisteuee ^ ^ 99 ifej|D'. 2qd ditf 50'6'^3i4^> 

2nd interval - , % 53'J$?,a‘ 

Time of fhe firsfe distance m the JTabte . ^ . 3 U 
Second Interval - - y - 1 5S J 


Thus Time 



idian 


Sam 

fit 


# 53 



k> g,s^^r38r 


Calculation of lSk^ifne at the place 

t *’? 

Sim’s tru^ahitude - 8 C S' Ifi' 
Latitude M the place - 51 30 0 

Polar distance - 73 48 §0 


im, and aftfhe Longitude* 


* 


-Sum .133 


20 28 


'.*&}■■■■ Half Sum" V<5 40 I t 

<k - > 

Half Sniii-f tflK alt. 58 38 6 

" „ * 11 
VS* 1 



- ^ comp. cos. 

- comp. situ 

* - cos. 

- , * >* sin , 

SlUT$& 

.Half Surit 7 Sin. 


02058504 

0*0175837 

V* 

9-598^7 

9*931391? 

19-763I2S0 


98765525 

jBjfliiJf horary angle 48° A9* 

'&&**&• bjt ‘ ' * ** 

Tnur Time at ihi* place of ubsci vat ion ^ - - - 6* 3Q r 'St#' 

Time at the first meridian , , • > • ~ ' 4 53 28 

Long, null* in t^SfS 
Lung f tv u* re 


•cs * U- 




,4" • 

24° Vfc..- - 


7 TF?* 

^ it 


Example 141., 

Suppose t|at on the 2oth of April, J| 1 4,f||fcont ‘4 h P.M. in 
latitude .19° . < >9 , £t#h, and longitude mr Eafe by account, the 
following oSberMions of the sun au^ moon were, taken. Re- 
quired the true longitude of the vessel at the tfr&J&the mean 
ohservati&n. 



284,. calculation Dtr Tife^AT first meridian. 


Obspfvrdjfefance 
fJ 0 (j 's uMflbt limbs# 

> W 4$ 'a.' 

a Vo 


,Ob& v rved altSyfle 0 V 
Wwcr lubli. 




Observed altitude 5 T s 

Hpppr limbic “ 


U"4S° 


52 

53 


Ifto^CireenP^ich, or thfe fir#t meridian. 

^ Erapyjle 1£2. 

the l#th of Ofetober, .lj£|i| being in Nbrth latitude 
34 c 4-7 , and W eat^long||ude 37° ?j0\ by account* *it was ascer- 
tained by a seri<& of observations’^ 4 h 1*2' P.M. tliat tfoe dis- 
tance between the nearest limbs of the sun and moon Was 
6l° 5o H\ The observed altitude #£ the sun's upper limb at 
dh^Jjlne of taking the distance, found by a ^^nultaneous obser- 
vation^ was 16° 2' 48*,; and that of the mOorf’s loweir 'limb, 
found by the , same means, 32° 51 4 5*. The tj^eight of the 
thermometer was ()3 pp 8 ; that of the barometer 2;jr2 inches, and 
the eye 18 feet above the lev^RnC the sea. Required, the true 

ie answering 

r ^?A ns * 

i;j 

On the 4th of Sfayjjf* 1^ at M. civil time, in 

latitude 48" 10' att^^angitullq' 8 0t ^'tast. by account, 

suppose the" aistan^fe1bet^veen* the nearest limbs of the sun and 
moon to be 5.9° .86V the altitude of the sun’s lower limb being 
at the time of observing distance, l(i u 31' 33", and that of 
the upper lifrib of the muon 25° 2' 32". Also the jjLeishts of the 
barometer ,ai|^^^rmoinet(n* such as to counterbalance each 
other's influence, and the elcvajdun of the eye 21 feet, 
the true longitude of the place of observation. 

‘ ' * Ani. 7 ft 


longitude of -the vej*sel at 4 
n ' ' 

served, distai \ cc. 



;e mean ob- 

37“ 5TWV 


Required 
47' 15' E. 



X.0KS1TUDE FEOM: TB#' 1*00» AJCB A STAS* 


Longitiedejrom the distance between flic Mocm attd aSlmttArt. 120. 

« .. / ^Jei . ■/ 

On the 2n<J of #aM, 1814, at 40“ V 44" P.M. by. £ watch 

tbat hkd^been ; %und ft*$m an observation* of taken a 

few hour! before, to be if of fob fa^^ing in ; South iatlitude 

15° 2l m , and West the d^piee 

between the nearesS|imD d^Bie njoon R^ulm was 

founded beSg^ go'. Required the 4 true lo^Kude df the place 

of ob£fef&**ioii. 

* ' 

i , • 

Eihncnls of the calculation of Jjte Altitudes, 

Latitmle - 15° 21' (f S. Right ascens.ol* £ 119° 15* 

Rigiifascen. of *149 36 5jf Declination of <t 20 20 17N. 

Declination of * 12 52 21 N. Polar dist. of ([110 20 |7 
B0ar $st. of *1Q$* 52 21 ' ‘ * 


; *jf Altitude of the Star . 

„ Time by the watch K) h 1' 44” 

too fast ■ — 17 34 

True time at the placet - 55 44 10 
Sun's rt£»li t ascension - 22 5 1 7 

* ""flight asee^'^ttie meric|* 33 17", 

In dejfif&ie* 4 - r r - f 15" 

Right ascen. of the star. V '* ■ 1 4 9 ffiS 5 8 

■ Horary angle of the star > 
o i ~ k 20.3*47 43 

Star to the Past - jN ^ 


Half hora*^ aftglc 

KJ? 24$ 


9-9928059 

Polar distance of the star ( 102 52 

- w-- 

‘ 4-9944780 

latitude 

\ 15 21 

- 1 cos. 

4-9921121 

Polar (list, — latitude 

8? SI 

» 

• 

Difference from 9(/V 

» 29 


0-0001 0S4 

Half diff. from 90° r 

4 

1 15 

comp. cos. 

Sum. 

Auxiliary angle 

* sin. 

9-9794994 



20# fLBMSNM ¥«§ CAUB^lTiB 6 TftlE TltWE MSTAKCE. 

> ' Sund»'AuxilWy%ngle; “ - sin. &’ 97949 g 4 

* ' ’* «*• .• 1 ' Auxiliary angle. - ' 1 'o6b, ^4>7783SB 

: ( Cos . auxil^ ah^e — coim, c<M j ctte. 4*4772862 


«£>* " 7: ' ^c^titu^T 72 e . i* isr - 


F w #, W «*■ 

(Dtimle True altitude af-d}^ star 


,‘fr 



*' Right asc^ns||pa^ n r^er^fian in degrees I28 6 <4£f I$* 
Right asceftsion of tni ngpn }'*’ - - 319 58 

V Horary angle of tile vnoc 


Moon to the West a 

. 4A, W‘ 


Half the horary angle 
Polar distance of (J J 110 
ude - - \ J 5 

^clist. — latitude 


l 


o’*' 


4" 25 ,Wi - - cos. 9-.#ft^084 

20 - £ silt. 4*98$0289 

21 <* - ,,„ £ cos. k4-9921 121 

,,9# 59 * * : S* # 


Difference from yo^§#$. 4 59 % 

Halfdiff. from#, 90” 2 50 


(C on . 


*» s* 

* 

comp. 


0-0004135 


Auxiliar^angle - sift 9 - 9 772029, 

% , . J 9:4.988245 

m# a%e &- $|pgf c<4®difference.) ^cos. 9-084110^; 

^ "■ ‘ ^ (§0^ + altitude) * - ' - ’ C*. 71 rt 22' 5" 1 

(Doubte-OP’')., yTui^ALTi^DE'of 0 ^|^^ - A 44 10 . 





the true distance . 


True tmie at tte plW& > 9*‘ 44/ 10" True altitude of star 54 e 56' 30" 
Longitmle VV^ ji^'tfctie -j- 38 19 Refraction 

True time at 
Moon’s semidiame£efc? 

Augmentation- of seuiid. f 


n 10 h £2 < %0™%ppai i e n t altitude of star 


Mo^pN^is* paral!^ 
Diminution ofparallix 
- Parallax corrected 


nl^ f 59 21 

ralmx \ ^ — 1 , apparent alt. 

*k. 


*"*r 

3. • 59 .S» 


54° 

56' 

30" 

if 

+ 

40 


57 

10 

52 

44 

10 

— 

55 

u * 

58 

8 

59 

- 

35 

42- 

52® 

r 




CAMDtATKW ■OP<OTS^R® D|8£AKC*. * # 

Observed distance mom^and star -20* 

Moon's semi-diameter " ^ 

i 1 " 

Moon's 


Appnr. dist. nu 
Appamtt altitude 
Apparent altitude 



' w 

* r 


i*m 

■% — S r 


f * „ 

true distance* 


29 30 

* * *>*. 


w.. 


Half sum 
True altitude of * 
True altitude of (£ 
Sura 



d stay 29° 

#' V S4 57‘‘ 

d 52 
i 

latfe 136 42 4 

^ Sum 68 21 2 

distance 38 44 36 ^ 
54 56 $Q 
52 44 10 


cos. 9*7592221 
cos. 9,7flfl 


*2# 


107 40 40 ^ fe Sum 39*4532665 

Jsuin 19*7266332* 9*9557356 sin. 
Jsum 53 60 20 jf4 cos. f 9*7708946 j* auX an g ^ 
A^ry an^ ; <T X «*• 1 

' V;' 4 . “ «m. ' 

Half the true disgrace - 14° 39^- * ! 

HomI)!c.& , »ve distance - 29 18, 


w 




Longitude, 


"¥ 


T ^ , 

BiOj'cd 


;■ «S f 2i%t9N Stl° ^ 58" fot ditF. 1°^ 44 7 : 
ist. ai. ^ atl ^ gg jo 14 lit interval ,^h =£0809 .< 

■ Trocdista^ 29 18 ,^/Sni m. $ $'=$T 058 4 


■2hd ink I 0, 



True time at the first meridian - 10*^25' 

True time at the place of observ. - p |4 JlQ 
longitude in time <r DifF. 0 41 47 

Required L^itude, in degrees ^ 45"^^^ 


[). % 6;f935487 
log. 4*p834238 
lo g ^'4854375 
* &iajWl&no* 

4 




" Exaimple 145. 

On the 26th of September, at 10 minutes before 8, P. 
1814, by a chrouometgLthat had been ascertained jm the 26 
of tlie same month to fee 24' 3f/^oo slow, ^anc| to lose 3^" per 
day, the distance between the moon’# nearest Ju^ib and the star 



^ALCTIXATIOK Olf, £ggfc tftTTE DISTANCE* , ' ' ■ ‘ 

/' Antare$ was found to b§ 85* rs ; * The latitude of tbe place 
of observation was^ 10 / North, and the longitude #3* 45* 

West, by^ccourafc, Required the toe longitude of the place of 
•r observation^ ? ^ ^ , aAl 38° $0' 45" W, 


f 

^ ■%■! -i 


A 


5l’jN& ciyil 


<5 * «•» 4f 

« . ." ^ Example 146.* 

St^pp^e tlid(| on tlxe 29tli o%\pril^pj 
time^in latitude 44° 3s N. and .laggjjjj|pie 46° ,80' W. by ac- 
count, the distance b^tWeen thJ^farfliest liffifr of the moon arid 
the star * Pegasi was jbun^qqal to 68 ^ 37' 10". ,*"What was 
the true longitude of the $lat». ai^servation ? * 

*• v ■% Ans. 46° 19' W. 

,■ ' ^ocampls 147. * 

Suppose, that ! St lO h ff 48" P.M,|phthe 14th of August, 1815, 
in latitude 8° 24' South, and longitude 62° 12' East, by account, 
the observed distance between th$ nearest limb of the moon, 
and' $fae ^tar Fomalhaut , is found to ^.48" ; th||ipparept 
altitude of the moon's Centre being 55° of {fee 

star 41° S2 f 40", Required the tftte longitude of the place of 
^^observation* 4$- ,, <■ Am, 62° 36' F» 



{ PRAC’fl^CAI. EXAMPLES T0 * 

TEE Ytl. 


Azimpfth and Declined, 



c^Yeedk. MrL 132* 

* w : 

# * 


, *' * , Example 148^ ^ f- * 

Required the sun’s true a^nkuth and the tfeelination of the * 
magnetic needle, about 6 b A. M. on^the 7th of June, 1814, in 
latitude 2f>‘i S(V Na^j^m^^oiigilude S9 0 15' East, 
ol^rved^titud^^^f,^®?’Wn’^- IdfUr y limb was 24° ll'/Hhe 
height of the ^ ^ feet aboy|%;|^e level of the sea, 

and the* azimuth observed" with the compass 51^(i' from the ^ 


North. 

Polar distance - 
Sun’s true.altitudg 




67° 19 ' 

2 * 2 k 




Latitude 


* S#*?*!™, lot , 

Hafi $WS * ,-»!) 

' , * 

4 Suih 


Polar distance' — j Sum 10 14 

Sum ^jjp$ 
Half Sum 

„V, ' ,l!j f« th 

Double, ^5;iirmth from N. toward Ef 
Azimuth£akcn With the c<S$)pass N. 
Declination of the magnetic i|p?d]e 

Exan^ 149 . 

At the island' of Su Helena, the sun 


k^co^f 01 

<cornp, 0*0482081 

\ wft.v a, %}4 h - 

v* ':M 

^ J60S*;; v 4 j)*7 1 (^8^3 

r -» , , 


- ^ nr 7 1)1 9 X 1 5 
cos. . ,®;«9 '..qfiOT 
1 ‘ sft'’ - r>' 

> 4 a& 1 ' 

* ■ * 76 10 ' 







altitude was 



If <i 

Axis. 


240 . AMPLITUDE ASTI) PE CITATION OF THE K3EEPLE, 

fifund to be 3Q° 23' m the Igpnoon, his (iedina|ion at the samef 
time wasj>2° $ 8 ' South, and .die suit's azimuth, as observed w£tV 
the comj^sl, 40 ? 5 &* Required t^e true azimuth and the decli- 
nation of the liledle. ’ 

| Atffaxn^JP 1 , *?fi p 2V Jrota tfot Tifuth. ; 

t Declination 22 28, J&W. 

& ** l 

„ , ^Example- l«j(^ • 

Suppose that oh th^ lOth of Aprils r8j^ in ^Toith latitude 
/42° 2$, and West longitujte 50°, the sun's momipffazimuth 
was deserved to be Soutl|^>i 0 4 ; and in theg$e^ng when 

the suit was at ihe same altlfiSe, his azimuth Wife 4G'W 

1 > W 1 ^ "" W' f l " • 

The elapsed time between the observations being 6 b W'. 
quired the varia^on of fhe compass. Ans. 7° %Jk r Easterly* 

- V 


Suppose tfeptf in the aftej^on of the 12th of October, 1815, 
th^Utilude of the 4tnfs lower liiUb w&s. found to be 7° 52 f 
about 10 minutestefore^Ji^, $ti £2’ ^orth, m\d 

longitude 30° iff y- ’We height|>f the eye equal to 1ST 

/feet, Ifed the azimuth, observed with the eo: 

Required tile sunk true azimuth and the de|| 
needle.^ ^ azim. from the N., 1 - 

* C^oclination of the N, 

> ' *«* '%W& 




|tft3 e NW. 
ation of the 
108" 58' W* 
23 32 W. 


to 


idhft&ion of Ihjk ^ ^fUtL ' Art$*l$iS. 


Emqde 15^ ^ ^ 


Q* the 'Aul^ftjiine, l#|4, about 7 h ‘ 4& r in the evening, in 1 


latitude 45° 3$jf ,|tforth, andvlongitude (i 1° 4' West, the amplitude 
of the smxjs^jtjp observed to be- 4^^4* from the West? towards 

ion of 


jjm r # 

the Northi^steguired the truo^MUplitude aild£hc dctaftrati' 

^magnWdPdle. ■ fjP 

The declination of the sun at the of the mxserv^ioii 


The declination of the sun at the 
and therefore 

DS&atioja^pf ||ie sun N. - f!r 27|' 
Latitude 


on was 


%b?$2 c 

Sum 


sin. 
p. cos. 
sin* 


9*99972# 
<H{ 


9‘75« 



ASTRONOMICAL BEARINGS OP <Jfi*£CT3. ' 241 

Stan - sin.’ 0*7345680 

Amplitude of the sun W. ^ 34° 38' N. . 

The observed azimuth W. , *T.« - > - -43 44 N. 

# *** — — — 

Declination* of the, magnetic ^eed!^ « . , - >14 9* 6 NW. - 

Example 153. *, 

Required the moonVtrue amplitude at rising in North lati- 
tude 35" 8', "whlll her ifei&ii&ktionis 13° North. * ' 

^ Ans. E/15° 58' N, 

.< 

Exampfe^i. ' _ 

Required the sun’s true amplitude at his Setting in latitude 
42° SO' Soiuth, his declination being 20° South. 

- v Ans. .pf. 27° 38’ N. 


Example 15& v 

In North latitude l Mf ■18 / , tfed^sun rises about 7 h in the natinv? 
mg on the shortest clay, atiWhich ,.|inrii suppose Ills amplitude 
was observed with the compass to be E. 4$° $2' S. Required 
the true amplitude $ud the declination of the need|p in 1815 j 
and in longitude#^ 4,i West ^ 

’ , / Amplitude at rising^ , ^7° of S* 

L 11 t^dination of tlie needie ",22 l|J5 NW* 


• V/ 


' * ■? , 'C' 

Asiitbtomkal Bearings of ofyh'is. Art. 148£ < 

:v; Sample litfV 4 'V’k ' ^ 

On the 1 8th of October, IS If, being in North latitude 
17\ and West longitude '>7° $(?, fey account, i|pppt 4 b 12' 
V. M. the altitude of the sun’s lofyer limb was observed to be 
Iti 1, O, that the suiitoit of a mountain; %° fl$V\and 

the distane«» fet#een the summit arid ttio nearos^^pb of the 
mu rio° 8'S. These observations were simultaneous, the height 
of the eye 1 S feet, and the mountain on the right hand of me 

>mf s vertical. Required its bcarii# at the time of the obsem * 

. < ^ * 
valiou>L, r,fl * 
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ASTEOjfOStfcAt jlfeAElNOS OPiaBJECTS. 


»r 


Elements qfihe Calculation. 

* * _ % 

34° 4 !t f Observerf%lU of sun**? - 16® IS' 

sf *01 




2* 30' 
4 12 


Latitude. North 
LOngitual, JjVest -• 

In time * > 

Estimated time it the place 
Time at tlie first meridian 

tr 

a Sun's declination 
Pol at distances 

' ©b§er*'e<Mist.of the mount. 1 -«*£**» 
from the sun’s mwrfclt hmb J 
Sun's semidiameter - - -f 16 

Appar , dist. ofsn%’s centra 66° 19' ^ 

4$ t * 

^ Calculation of the Suns Azimuths 

»* W A 

Polar distance - , v $9° ** 

Sun’/true f 

Latitude . - * 54 47" 

Sum - - 150 43 

Half-sum - .. 4- 75 21 

Polurdist..— ^ -^Stati - 24 14 ^ 


Depression of the korizj yi' — 


Sup’s semi-diimet&r * % 

6 h 4i% f l^mf^fcppareiviihltit^de - 16 24 

9° 35' S. Ref ration— Parallax ‘ — - 3 
39 35 Sun's true altitude j, - 16° SI 


^ Obs. altitude of the mount. 2® W 
Depression of the homon — 4 

* r " \ ■ gp' * * — hi 

Apparent 'alt mountain - 8° M T 




COS. 


V 


0-0179279 

0-0854901 


9 - 40*^724 

9 - 9 M 84 


Th«#un’s azntiuth from the North 


19-4063288 
cos., 9-7331*644 
57 c 15' 

114 30 ,W. 




^ Calculation of the W^crmce of the Azimuths - 

YApp^eri^||gtance of t||e sij§Ei 66° 19 ' ^ 

Apparent altitude of the suit 16^ 24* coaeip. pdi.”‘ 0*01'§03Q2 
4 Apparent alt, of the mountain 2 54 comp, cosfe a m a " 
h Sum - «r 85 37 

• Half Suin ^42 48 - . cos. 

Apparent di$t.p-^§ Sum - 25 22 * coe. 

Sum - * - 19*8469677 

* 30 £ 



jmwmMK&i asmcTB. 


Sinn • 19*8469< 

Half Sum -> co&^9 r 923^ 

# x HWf d|ff. oS^miutbs 83^ 

Mount, to flie right 8f sun's vertical. Dtff. of azim. 66 4 


r£CTS. &4S 

, 19*8469677 

coa ^ 9$2^4838 


;J§iyfs azft^uth from North % * - -* 

ipiiSiract The ^ountain bears from the N. 


- 114**30 W. 


18 26 W 4 


® ‘ ^ Example 157. V ** 

Suppose, that on tM 8th of August, 18f4, kt 6 b 80' A. M. m 
latitude 5V > 3$ N. and longjtiHje E. tile altitude of the 
sun's upper limb was 17° 18' that of the topjpf afi.ofe- 

ject, oh t|ie right of the sun's vertical, 3° (j 4 * at the same time 
that flie distance between the nearest limb of the sun and the 
summit of me mountain wa# 8 1 c 43* ^id tins height St the 
observer’seye 15 feet. Required the bearing *>f Hie mountain. 


Aus. JHJountai; 


from ilt'S, 


12* E, 


On die 4di| 
latitude 48* 10 
altitude of tliftjj 


**4»&anip& 1%^- % > _ * 

|y, 1815, S§fc G u 3W pivil time, and in 
ctjl, and longitude 8° 7' J^LSt/^suppose^the 
1 lower limb to be 16° 52\ that of the sum- 
a mounlKin r o^th e left of the su^^erttcal 2° and 
erved distan J§j8k wg8h this summit Sid JKe sun's nearest' 


mitre# a mountain of^tne Jett 01 tne su^^eracai k v $ 7, ana 
,• observed distainwIitHjelft this summit ljf$d jKe sun's nearest' 
li&b 71° 14'. K jbear ing gf tw^jpuatairl, the 
height of thjp obsef^M^tejig 18 feel. ’*$ ^ ^ .*»$', ' 
Ana. Bea#iig^#^e1n6unt^*om the Jfe, 

Exumjrte 159. **•*•" " ** * > 

On the 8th of September, 18 !Pj at 5 h 10' P.M. A%r«the coast 
of Mexicg^Ljjfetnde 12' Nj^lh, longitude 9G° 4’l^^t, sup- 
pose thel^Ble of the sun’s lowff limb to be S&", the^ 

£ distance of' nis nferest limb^rom the summit of onh*of tlie Mexff 
ea^iaovritams 50° 2/S', and the observed altitude of the fitter ^ 
5° 18' 30’. Required tlie true Rearing of tlie mountain, ^ v 
bgi^g on the left of thfc sun’s vertical circle, and .tlie height of 
thejobserver’s eye 21 feet above* llH surfacegof th$ sea. 

‘ Ans. Rearing of the mountain from the S. 40° 38 W 


4 ^ * 



244 beabings rnoM*i.TiT«»Ks takB^kab tjook. 


Bearings from Altitudes taken ncarnoon. Arts. 145 and 146. 

' ■ «S' 


v Exmyphe 160. 

" - *' fr' *' v , 

' # Approaching the entrance of Boston harbour, on the coas^if^ 
North America, the latitude of the vessel being 43° 22! N. and the 
longitude 70° />(TW, by account, on the I st of March, 1814, when 
£he time by the watch w as 9 h 20' A.M. civil time, an object on 
the Q0mt was observed to be on the right of the spin's vertical 
cir<ie. It had also been found, a short time before, that the 
watch was too sl<w w 7 ith respect to true time, by ijf 23' 10". 
Now, suppose the observed elevation of the sun’s lower limb, 
that 1 of the top of th^object, and the distance between the 
object and the bearest limb of the sun, found by simultaneous 
observations,* to be 3 7° 5&, 3' and tyt) u 22 f respectively. 
Required the bearing of the object, the height of the observer’s 
(ye beipg lb feet above the surface of the sea. , 

' . ■' ■ « , > 

’Hj: 


Elements of l he Calculation . ’ 


f nue by tlic watch - 
Watch too slow 
True time of the biasing 
• S'nbtWiCt I'io;h 
H<#aryaiigV , 

Horary ai\gip in degrees 
Latitude Nbrtlt 


9 1 ' 20' 0" Sill's observed altitude 37 r> 
1 23 10 Depression of the boris. * — 
to 43 10 ■ '■ 


! W 


JV 


Sun’s sfeipMiameUr 




J\>* * 

62 b 

jr> it) 


1»> 16 60 Sun’s apparent alt. 38 

19° 12'' JO" Observed disl. sun and obj. 96 

42 22, , Sun's seiaw) lumoter -}- 

47 38 App. dist. sun’s centre 96 

M % #; 

f 4 h 4j' 44" Obs. alt. of the object^, * 3° 
\ 10 43 10 Depression of the horizon — 
fl'iine at 1st meridian, P.M. * 3 h 26' 64" dfej 
'sin’s decimation. South - 7* 33' 48" 

Stir's diit.lrttwi the ( les pole 97 JO 


Cflnrpletnti^fotitndc 
Longa udt^West;^ 
Lyngite^plt-^e 
llerht; of the bearing 


8 16 
tZ 0 
16 10 
38 10 

12' 0 


bjccts appar, altitude 




BEARINGS F«#$t ALTITUDES TA3EEN NEAR NOON. 245 


Calculation of the 'Sun’s Azimuth, * 

* , ^ 

Sun’s polar dist. ( 97° 38' 48* $ 4 
.^crniplement lat. ( 4$ ,38 0 t 

Sum - " 145 1,6 48 
Difference 50 * 0 48 

Half Sum - 7# 88 24 C. sin. 0*0202475 C co$. 0-5252583 

Half difference - 25 0 24 sin/9 *^2(50566 oos*9*95f2521 

Horary angle - If) 35 **$< N 

Half horary angle f) 37 30" cot. IO-77060?I7 cot. 10’ 77060,07 
^ Sum - tang. 1 y*41 6.9 J 36 tang. 1 1 *2531 001 
1st angle «- 69 ? B (l 2nd angle 86° 48' 

1st aftgle 69 3 

> ^ ° ^ 

Sun passes the meridian towards depressed pole. 1 

Azimuth of the sun from ilie North ~ 


1 


156° '31' 


1 ^ J * - , ^ , ‘ " * 

. 

Calcination of the difference of?w& Ammutks. 


Surfs apparent distance - 96° :,’S' 

. , <$uifs apparent altitude - > 38 8 

(Object’s apparent altitude » ? 8 

51 

Half ^um ^ 6*8 57 

Appar. distance — half sum 27 41 


' Sum 
i Sum 


Half dill^ejjkce of the azimuthi 


Double. 'Diffidence of the azimuths 

AA 


>4 


||ct to the right of the sun’s vertical circle, 
*fe sun's azimuth from the North 


corpp. cos. 0*1042594 
comp.cos. 0-0006407 


cos. 9*^3152 
;cos. ,#;5H7a»T 
19*6074270 
cos^,v5S)-8037TS;. 

- *^50° 29' 

- ( ’106 ''58 

\ 155 51 E. 


Sum 

^ Subtract - 


Bearing of the object frmn the South 


256 49 t 
~7(> m ■!'!>' w. 



■ft 


BEARINGS FROJVf^tTITTOES TAKE^NEAR NOON. 


, , Examine 1,61. ^ ^ 

Suppose, th$t near the €$pe of Good Hope, in latitude 
53° 58' South, and longitude 18^5' East, on\|te,liBt of May, 
* 1814, at ll h 15' A.M. civil &rJt, by a watch that iwt 
the previous evening to be tflfr slow by l b S' 



it was found thaGihe altitude of the sun’s lower limb 
33° 30 ', and the ^stance of his nearest limb from the summit 
of^a mountain, on die left of his vertical circle, 58° 22 ', the ob* 
served altitud# of which was 4° 21'. The place where the 
had been found to; he too slow was 21' 30" of a 




decree to the West of that where t Wither observations were 
made. Required the befcripg of the mountain, the height of tile 
ey^ being 22 feet abo^^e level of die sea. * & ^ 


*sV*'* 

A nV** 48° 21' from the N. toward# the W\^ 


-3k 


j, ^Example 18*£, > * • & 

Suppose, dial (j^ of December, 1814, at 10 minutes 

after one o’clock in thh ifeternoofr, the Peajf f£ TenerifFe was^. 
seen on the left of the surfs vertical cirelg/ observed 


distance between its summit and the nearestflimb of the sun 


was found to be 7- 34' ; the altitude of the former being 
and of the lower limb of die lattei%4° M, at the same 



/> 

f;4 

‘ and the longitude 


The latitude of the $5^cl was 

l(i° ‘3%' West, by account, and, the eye 21 feet 

abqye^the surface of the sea. the bearing of the 

iSf the observation. ^ ’ 

* Aite?. From the South. 53° }) E. 


iVa^l the tinv 


"o' >■ Emw/Jjkc 3d. , 

* tlmt on the ISth of February^ 1815, >oon after 

cntei mg the Eastern extremity of die Straits of Mageilan^jpd 
pi^latitudc .02 ‘ J 40' S, and longitude 71° 4 f W. by account^ 
w^reqniin^l to ascertain the bearing of a remarkable object 
tvliich then appeared on the left ofthe sun’s vertical circle ; alid 
that,- for tins purposes tlic aitimdes-isfthe sun’s upper limb, au d 
the top of the object, Mil]* ihc- di-tauce between the wares! 

3f 
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BKAHJWiS $*OM AtTlWlMCS WHEN NEAR NOON. ,247 

limb of the sun and the object, taken at the same instant by 
three obsei^ers, were respectively 50° 52', 3° 36' and" 84° 24- 1 
The time^of %e observation 28' V P.M. a chronometer, 
that^f da^sljfefore had beei^Mcertained to be 58' *2!f t^o last, 
tattith respect to true time, arfa fo gain at the rate %'-<) dailyj* 
'fljfid the height of the eye 21 feet aboveppie “level of the lea* 
Required the^V^Wtig ©f the object. ^ ^ 

* An$, rf Fl^n thq, S. 76° 2-W. >v 



ADDITION. 


On clearing ike Distance . 


The lt)l lowing concise aiul easy clearing the apparent 

distance between the i^gon and the* sun or a star 
effects of parallax am1#^^lion, lias been extracted from a pafjief 
comimmicated by the l carried Dr. Brinkley, Professor of AstroJS 
nomy in tfce University of Dublin, to the ltoyal' Itish Academy^ 
and published in the^^th volume of , their transactions. The 
facility which t]iis?;^t#i^pd affords in soiling this troublesome 
problem, strongly rceoimniends it to manners;* JpXtd in order to^ 
render it independent of all other table-, than given mthfc 
volume, a table off natural versed sines, corresponding to every 
minute of the quadrant, 1ms been added. Whenever the versed 
sine of an arc greater than is required, it is easily found b$f 
taking the versed sine its supplemental from 2. 

Thus, in the first of the following ex&s&plc.s,' w here the arc is 
103 p 2f/ r the supplement of which is 7y^>T ; wc have 2 — ■ 
vers. 7()° 31 ^ 2 — *7 G6S3S — V M3 162. 

PRACTICAL HULK, 

1. Finct, by help of a table, the parallax answering to the 
;V on’s altitude, and to tlie complement of the altitude. 
latter will be the argument of tableau Or > 

^Compute them by adding the proportional log. i£f the hori- 
zontal parallax to the aiithmcticn] ^implement of tfvb log. cos. 
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' • ' * 1 

and log. si^. of alt., the sums will be the prop, logs, of the 
respective parallaxes. , , % ; 

a * . * 1 , 

2. ^toon^-par. — moon's refjrac. = corr. of alt * Take diff, of 

(corr. of altitude + star’s or stiffs refraction -f moon's alt) and 
'$|$r's altitude (or sun’s alt. + par.) This diff. is thedifl#f true 
Altitudes, Find also diff. of apparent altitudes. ^ 


3 . When tlic sun is observed, add <s||etlSSr the numbers in 
tables 1, 2, 4, and 5. When a star is observed, add tne numbers 
in tables 1, % 3, and 5, log. of this sum (its index being al^a^s 
3 + number of figures), -j- log. (vers, sin, observed distance — 
vgrs. sin. diff. observed- altitudes) reje<$h& JO from the Index 
, of a number to be subtro the above diff. *df 

-‘versed sines. 

^' 4. The remainder 4- ver$,"*kin. diff. of true, altitud^p = 4 vers. 
sin. of true distance. ^ , , idjfc 

Observation. / No distinction of cases o proportional 

parts but such arc taken out byfcil%$ction. The versed 
sines may b^ e«|dered as whole numbers, the radius being 
(1,000,000). In taking out the versed sin: ^ of the "Observetl 
(li^huice, the seconds may be reserved and added to the ^on- 
‘elusion. Also in findi|$g the log. of (vers. sip. observed dis- 
tance— vers. sin. d^o^alt.) the two I||t figures maybe con- 
sidered as cyphers: ' .f" 

For those conversahiHi contracted decimal multiplication, the 
third precept may stand as follow^* - 


3. When the sun is observed, take the sum of the numbers in 
table 1, 2, 4, and 5. When a star, the sum of the numbers in, 
tal% I) "2, 3, and 5. Find also the excess of the ver«|t sine of 
t&|*it>served distance, above the versed sine of the difference of ;s 
^perved altitudes. The figures in the above-mentioned sum- 
tMst be increased to five, if necessary, by prefixing Cyphers til, 
the left hand of them. Place the first figure of the sum 
under the third figure of the’ excess from tjic right hand, the 



ON CUT.AfclNG THE DISTANCE. 

second figure under the* fourth figure oPthe escej&s, &c#> tfyus 
inverting the figures of the sum. The product found according 
to the method of contracted decimal multiplication, is to be 

subtracted from the excess, 

> * - 

Example I. -> ' 

Sun’s altitude 1 9 ° 4' ) Observed distance 
Mppp’s^Mtude 4tT$* , ' : 6, ) Horizontal parallax 

D^o£'4|k. 22 2 


103 ® 29 ' 27 "" 
58 35 



log. - 58' 35" 4.875 4875 

A. C. cos. 1229 sin. 1 


6104 


44’ 9" 

1, 5 


ParaH^^h alt. 

Moon’s refract. 
Correction of alt.*48 4 

41° (> '• 

52 4t 
41 51 48 

+ par <il. 19 4 


38' 30" arg. 




. 


8 


^ Tab. 1 

10497 jo. 

%Tub. 2 

- 78* "• 

m. 4 

- 19 

Tab. 5 

Hjfe 

- , 

rt:* 

* # 

1073ft! 

mr 

■Pff 


DifiF, frite alt. 


47 40 


" m ~ * ■ 

* The& correction of thajuimriN apparent is fount! l>y inspection in 

, Table VIII of tin* following tables. Tiie.iefrabtiwi ?of &H the heavenly bodies* 
is given in Tabu* V* in tin column entitled refraction of the stars; and eonse- ■ 
ipieuliy the moon's parallax i» the sum of* the numbers in this column, and those 
cm responding 1 to the name altitudes m*Table VJII, The parallax of the suu 
j&ihe difference of the numbers in thefsanie column of Table V, and those m the 
pi c«i'd mg column, which* may easily be taken by inspection* Thus, in the 
above cample, the correction of the moon’s apparent altitude, taken from 
r fabie VIII, is 13 y 3"/jJjflenng one second from that found by the above cal* 
dilution ; which, however, is not sufbcicnt to f^se any difference in the, cor* 
responding number (7H) taken from the annexed Table 2. The refraction* 
answer mg to 4V } 6', in llie third cu}um'h of Table V, it and con$ft- 

(pieutly 43' 3 f + T fc"zr.4T l S\ the moon's parallax as at^^M^The correc- 
tion of the sun’s apparent altitude, in|fef|ttc;ond column of thl^bl^S' 37", 
and his reitaclion, m the third column^ls' w and therefore his parallax is 
C Y 4 j v — " = 3, as above . 



ON CLEARING THE DISTANCE. 
Vers. sin. 103* 29 ’ *- 1233162 Jog. 10730 


Vers. sin. 


22 2 

, * 


73034 


log. 1160100 
log. 12456 


■ 'Vers. sin. 22° 47’ 


1160128 
J2458 
1147670 
78024 

40" 74 » w^- 

Vers. sin. 103" 2’ 52" 1225768 
+ * 27 

103° 3’ 19" true dist. required 

. 1 Example IT. 

^Star’s obs. alt. * 10? 17 ) Observed distance^ 
TVIoon’s obs. alt. r 9 38 j Horizontal 
obs. alt. - 1 39 


#'03100 
& 06 M 6 
4‘0254 0 


Without Ip^adthms. 

* ii eat 

«4 93701 


812 

35 \M 


10 


12458 


1 * 1 ' 



43° 35: '42’ 
54 42 


Pjeop.log. -,:&SU2" 


A.C. 9° -38 • • 




' v 

5173 5173 

0062 sin. 77 M 
l‘*j37 


5235 


9 * 9 arg- tab 1 . 


Parallax in Sit**., * 55 ' 5 f 


, *n 

Moon's refr^tTs^, 5 2 d 

* Tab. 1. 

> 8061 ] 

Correction of a|tt, , 4 ^ ^0 

Tab. 2. 

100 

Star’, ^ refract. ' 4 40 

Tab. 3 . 

11 

Moon’s alt. 9 3 S *J0, 

Tab. 5 . 

11 

10 51 'is 


2^27 

11 17 



Diif. true alt. 0 45 52 





ON CLEARING THE* DISTANCE. 


Vers. sin. 43°,,,#' - 275628 , 

Vera. sin. ‘ 1 19 415' 




275213 1%. 


Log.^ 2287 - 7’34772 
Log. 275200 - 5 43966 
618 - 2-78737 


-v.*'* * 

§11 * 


' ,v ? , 8 

274600 

Without Logarithms 

Vers, silf 0° 45' 

* & ' 

2752 


3 

72230 

Vj^gi^4i» 30' 19 " 

274689 

550 

+. ' 42 


55 ’ ■ 


43” 31 


RUE DISTANCE. 
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NATURAL VERSE! SINES 

^ \ 

TO EVERY MIKV|E 


or n% 

9 


FIRST QUADRANT ,: 



4' 


mmu Versed nsn, 


0 OO00fl»O#M2HWe6(ie 0024*6 003605 tjO&KS 1 

1 000000 0OO1 81! 00064# 0fflfe86 002456 003B31 005509 1 

2 000001000168 1X10630(001401 002477003846 005539 i 
3{OOOO0O 0001 68 6X306*0 mAl« 002*97 003882 0O55SO X 

1)0004; 000173 000680 00#» &0251B 083907 OOsffij I 
StOOOOOT #0119 000863 001*48 502538 003933 00563 1 1 
6 000002 00018+ 0MjS72 0OJ463 <J8g5 59 003959 005662 « 
i OOOOOS 000190 0ot«82|00l 479 OOtigO 003#5 8*5693 { 




8000003 000196 000693 001*95 002601 00401 1 003724 007740 01 fflpB 

9 000003 QOO20T 000704 001511 0*622 #*401# 005755 007776 WOpi 01 3725 

1 0 0000040300207 000715 001527 002643 004063 G0578G 007613 010141 012771 ' 

11 000005 000*13 000726 001543 002664 004089 <TO8)90U58490l)lM82 012817 il 

1 2 000006 000019 000737 001550 002685 004136 00JS4P 007W3 0ijjg|4 012864 , 
18 0M»07 000226 0O0746 001575 002707 004 1 42 005800 0070* 0M M#6.t6 

, U 0<H»O8 000232 800760 001592 002728 1X141 $8 0059 1 fj (XttOis'OlW*- 6)2957 ii 

e i|, 8000 1 0 00QB®8 0O077J 001608 002750004105 #3944 0079# 070349 fll##* 
46)06001 1 I10024+ 000782 001625 0027711004222 #5975 008032 0(0398 0)1050 ' 
000251 00079+001641 002793 t)D424ifl§60<»7 008069 010+32 Ol»97 1 
000257 00080600 1658 00281,5 004275 000039 008 106 01 0*1* 013744 1 
0002+4 000817 00+|>75 002837 tM)4302,00^| 008143 0l03lg 0T3191 1 
ooriittnnnaoolfwiLcflsoflBSio ooinsonibnfflraast antai <h.m oi^o^h * 


»4^|5 00<#* 000829 001*92 008859 ' >04329 Q^jfSyOOS 180 01 0558 013238 20 
2 ifweo! 9 000278 000841 fee ffl)9 00288 1 004358 0061 37* 0088 17 01 0B01' 0 1 3386 2 1 
221000020,000284 000833 001726 002903 004383 0061 67 008254010643 043338 
’#*00022000291 00086$®01743 002925 00+41 1 006200 008291 01 068* 013380 
3* 000084 000299 0OQ87SW)t76O 002947 0044 38 001,232 <#329 0,1 07& 913428) 

25 000026 1)00306 OOfi#8fc)|S7f 002970004465 000264 008366 010770 Ol 347.7 

26 000029 00031,3 00090^01795 002992 004493 006297 008404 0108(3 013523. .. 
2> 000031 0003# 000914.00181 2 003015 004520 08K&30 008442 IH0855 0J3571 
23 000033 0003# 000927 001830 003037 004548,006382 008479 0103# 013618,— 
29<j»036 000335 <i0093!>'001'§47 0*060004576 00639ji 0085 17 0109#* WSfftjf 
30 ®038.000343 O0O95alool 865 003083 004604 006428 008553 M8&$i itjUM 
5 1 *09004 1 000350 #09641001 883 003ii'5, 004652 006*61 008MB MRSI 9 * 91 $. 

32 000043 000358 0WWf7'(H)190l 003128 *0114660 006494 00$$f *(070 0^381 

E 6 000366 000990)00 1 9 1 9 003 H, 1 004688 006527 008609 *1113 G'i 3858 
9 OO0374 00 1 (Xtt'oo 1 937 003175 0047 1 6 006560 008708 Ol 1157 01 3907 
2 000388 00 1 <>16'ortli!55 003 1 98 004744 006594 003746 01 1200 043951 
36 000055 000390 001029)0(1(^3 O03221|»04773 006627 00S784 015MHU 014004 
.3? 000058 000396 U0 1 0434)049# 00.38+4 ($4801 00660 1 00S823 01 l2§t 01 4052)37 
* 86 000061 000406 001 056 002(^0 603268 U04829 00G694 008362011330014101 38 
!;S(9 000064 000415 001 On y Oo20f6 (H)3#T 1)4858 00672800890001137401+15039 
40 000068 000423 001083 002047 00331 3 004887 006762 008939 01 HI 8 014199' 

41 000071 000431 00 1096 O02066 003339 0049161006795 008978 ftl 1462 W 4248 ! 
42 000075 000440 001 1 ] 01002084 003.763 #4944 006829 0090! 7 1506 014296 4 

+3 000078 000449 001 1 2+'oo2103 OQ3386j0O4973lOOG863 009056 01 1550014.146 »•' 
44 000082 00045B 001 138 002122 003410)005002 008897 009095 01I594QI439& ' ' 
45 000086 000466 001152)002141 00343* 005031 00093) 009134 011638 01444+ 

46 000089 000475 001 1 66)0022 (" 0 1(03459 00506 1 006966(0091 73 0)1 6*3 014498 
47 000093 000484 001 180,002179 003483 005091' (K>70# 009213 01172^ 014543— » 
48 000097 000493 001194)00219$ 003507 0051 1 9 007034 009252 011774 014592 
49 000102 000503 OJ)1208|0022hS 003531 005149 0070G9 009292 011816 014642 *$ 
50 000106 000512 flli222;002237 003556 005178 007103 009331 *19861 0(4691 50 
51 0001 10 » 0j>5a i 001237 0(17257 003580 005208 1)071381909371 01 ISO5|014741j5 
■52 000114 00£S#«|261 *002276 003605 005237 007178 0O94U #4950014791 5 
53 000] 1 9 OoBnp 001266 002296 003630005267 007208 009451 01 1995 014841 ' 
54 OO0tai&flfl$So 001281 002316 (IH 005297 007243 009490012040014891 
55 00012® 0O0J59 OO129S , OO233J »0# 00a397 007278 00953) 018085 014941: 

56 000133 000569 001310)002355 003705 005357 0073t3 009571 012130 014991 
57 000137 000579 001325002375 OO373OO05387 007*48 009611 $©175 015041 " 
56 000142 000589 00(3+0 01+2395 003755 005+17 007363 00965,1 0R9p 07409 
59(0001*71000599)001355 003416 003780 #5448.007418 00969 1 (0 122Sfi| 0 1 5 14',,,. 









14° ! 

154 1 

16° i 

[ n* * 


o, o i smioi 'ovmxt&m w&m 04m ojmsamafism mo# o«uft i o 

4 01 5243 m $m <UttM 5 029773 034 1 49 ()»1 ib|*37M 040035 054676 I 
I <Zp&293'0 18484 0^7»5 wS ' 70 1 029845 t>342‘25 llfomw ft*3$65 049 123 054671 -$i 
! 8 015344 #18540 Q2ta4 025827 029916 03430^036979 043951 049213 064766 ,7 
01 $393 048,5?5 098095 025892 029986 0343^ 039060 0*403(3 043m 05436 j: 
(^446 01^4 0^456^ 03914004412' 049$94 054956 

Qli497|0137fl B3$U 02G024 030128 034f£7 039221 044207 0*9484 &MMn oi 
01 87^feh8 086100 030199 03#03 03930'. 044293 049575 OtfM 46 
" 19 0223# 026156 (#0270 034679 039382 044378 049665 055242 
76 022400 02622^ pO^l 03 mkb 0394 63 044464 049756 055307 
101015701 018932 022461 026108 '63041 2 034831 039544 044550 04984b 055432 10 
'U 01575$. 0*898h- 022523 Oif#5 030483 034907 039625 044636 049937 055528 11 

1 2 01JSA4 01904§ 024584 026421 030555 034983 039706 04472" 050028 055624 12 

1 3 0 1M5j& iiMoi 021646 026488 030626 035060 039787 044808 0501 1 9 055719 t S 

14 01 5908 Si 56 |f27()J 026554 030697*035 136 039669 0448#4 <150210 053615 7 

15 015939 019215 0227$Mv26621 030769 03521:) 039950 044960050301 0»$W{ k 

16 01601 1 019271 022831 0266^7 03084 1 035289 040032 04.% 6 0$0392 056#lffe 4 

•I 7 b 1600$ 0 1 9328 022992 026754 030**ft 03536* 040 II 3 045153 050483 0561# # 
1$ 01 61 1 5 $$>385 022954 026821 030984 035443 0401 95 045239 050574 036199 

1 9 0 1 61 67 *$9442 0230 1 6 036SS8 03 1 056 0355 1 0 040276 045326 050666 1 9 

20 0 1 621 9 019499 02307S 0^6955 03 1 1 28 035396 04T)358 045412 0*0757 £0 

21 01627! %0557 023141 027022 0312,00 03567- <Kf)440 045499 950849 05&86 21 

22 01 6324 019614 023203 027089 031272 03 TOO 040522 045580 050940 0565S4 22 

23 Olfifob 019671 023265 027)57 031*344 035827 040604 0456*73 051032 05668$ &3 

24 0l|4® |l0729 023a2a 027324 03 1417 035905 040686 045760 05 1124 056777 ?4 
%$ 016 i8& 049786 0279^027292 031489 035982 04076$ 045847 051216 056874 25 
26016534 019844 023453 027359 031562 036059 04't>850 045034 051308 056971 26 

2 7 0 1 6a86 0 1 9902 0235 1 5 027427 03 1 634 0361 87 040933 04602 V 05 1 4 00 057068 27 

28 016fe3t 019959 023578 027494 081707 036214 041015 046108 051492 007164 28 

29 01669*' 0^1^023641 02756*1031780 03(5*92 O.ftODB 046196 05136^ 057261 29 

30 h &%&> imA (123704 027630 051852 036369 oil 180 0462S3 051676 067858 30 

31 0*6798 023767 0-17698 031925 036447 041263 046371 051768 057456 31 

32101 6851' OSfllp #3830 02776t. 03 1 998 036525 04 1 340 046458 05 1 86 1 057553 02 

)169(H ■ lei*® 023893 027834 032071 O3o60.> 04I42S 046546051954 05765(1 53 
. Jj 6958 >20308 023956 027902 032144 03668 i 04151 1 046634 052046 057747 34 
35joi7o) 1 020366 024020 >27971 032217 03(>759 041594 (>16721 052139 05784> 35 
36 017065 020425 024083 028039 032201 036837 041677 046809 '*52232 05 7 94 2i 36 
0171 18 #20483 024147 028107 052^64 •36916 0*1761 046897 052324 058040 37 
01717'i 020542 0242 10 028170 03:13$ 0369940 4-18,14 046985 052417 038 1 38 3# 
017226 020601 024274 028245 0325ft 1 ‘£}7(rW3*J'‘27 047074 052510 058236 #| 
) 01 7^79 020659 024338 028313032585^07151 042011 04716*2 052603058333 4o| 

1 01730 02071$ 02)401 >28383 0326-8 037230 042004 047250 052696 058431 4l] 

2 >17367 020777 02446r 028451 0327^037308 0+2177 047338 0327% 058529 43 

3 017441 020830 024521- 028520 03«i«()fe 037387 042261 ')474 , 27|052883 058628 48, 


4 OI7495O2O805 024593 ^U^539U3288o!o37^S6 042345 0475! 6 052S7o,(#"2o 44 
3 017550 020954 0*2465^ (JS&65K 032954.037545 042429 047004 033070 058824 \b' 
lejoi 7604 021014 02472: 028727 03302$|037(»24 04fS* 1 2 747693 0531 631058932 46 
>17658 0^1073 024760 ,028796 033102;0377(M 042506 047782 053257*05^31 47 
) 1 77 1 3 8*2 1 1 33 02485S jj28$6(v()33l77i0377.S2 042680 047871 053351,0591)9 4® 
017767 021 19'- 024916 028935 003251 |037$6m2~65 047960053444 050218 49 
501017822 021^2 024980 029005 033325i03794l 042949 04#*‘> 0535W>$93l6 50| 
017877 021311 0250*4 020074 0334OO 038020 042933 048138 0536321159,415 51 
017931 021311 025 1 Off 029 1 44 0334,74 j03 6009 043017 048227 053726 0395 141 )<> 
01 70 $6 027 )31 025174 (#292 1403354 9,033(79 043102 0*8316 #3820 0396 1 3 
018041 021 49 J 025239 029283,03562* 038859 043186 048406 0539, 1 M>3 971 2 
018096 02155J 025304 0393$3 033699,038338 04327) 048495 054009^9$) 1 
018*31 021611 025369 Q?94?3!637774 038418 ¥>43356 048585 054(08 O599')0{56 
57|oi8207j0818T) 025434 0^*93|()3384y;038498 0 '-5 440 048674 051108 060009 V? 
)18S03|O2?*32 Q&5499 09*804.03392* 03857$ 0*352 5 048764 054292 060100 5$ 
H8317 #1792*564 0596,7*^)33999 03865? 043610 048854 034387,06020 
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INTRODUCTION 


TO 

* 

THE T 4 B L* S, . 

„ 4 „ * 

Ifefc^ANATORY OF THEIR CONSTRUCT ION AND 3USK* 

' flft 

, BY THE TRANSLATOR? 


TABLE I. 

region of the lloridfai* 

The angular 4 $btance h^reen^Sie zenith and if ^ 

an observer odldd 4fc)y o£ eqmd lo bO n if the surface $ the * 
earth were ,$o extended plane, and dicyypytrof the observer 
situated in that plane. Thy#, fig. 6> if the suiface of the farth 
coincided with the line a<3^ dnd the observer’s eye Ve^at a, a 
point in that |i^KO, and 7 in ftie'dii ct lion of the observer’** zenith, 
the angle be a i ight angle, or 90°. But as the earth’s 

surface i&cunt 4 d, as shown in this figure, which represents a 
vertical section of the earth, by a plane passing through thei^yu 
of the observer and hj£ zenith, any point p on the^drlace will 
be btlovv the hoiizontal Im^vu , and consequently if ap be 
joined the angle zap nil! be greater than ( O y ^ Thfc f>£ the 
observer is always more or less devated ah«^vc th|^Wmt a; lei 
it be at 45, whore the tangent drawn frwft the jicitlt jftbeets 
vertical line az ; then as the angle jsbp is equal to tlie shin of 
the angles zap, apb, and zap exceeds t 0 °, the angle^RP also 
exceeds q 6 tf ; and if the line BP be drawn parallel to ac, the 
angle zbd wi^cvidentL^he«a right anale* and tKg^ihgle n$> 
wall be the depression horizon^ or lb^ quant it|^fe|'ch the 
ongle zbp, the angular distance zcmtli horizoMx 

of the observer, exceeds yd?, ** ' < M * ■ 



Introductia&tti the Tallis. 

$ 


Now if the vertical line W he produced to o, which repre- 
sents the cc&tre of the earth, and op be joined, the angles pob, , 
*bj> equal to each other, and %p^equently the 

depression bf^he h<; 
plane trigonometry ; fill 


gj^jpoay easily be fouifS^y the rfhuf 
ifAB : rad. : : op : cos’ vor^ss 
Ifcut when the hei$h| ab small, the common;, tables df loga- 
rithms aro not sufficiently extensive to give this ihglewith the 
required ^cc ura cy , besides which its value still requires a .cor- 
rection on account of refract^jb. 

To avoid both these ipqon vendees, let \ dencj|e the an 




f^n term^ffe;, 
)bj| tbe sur- 


of depression pbd, r the mean terrestrii 
the observed^rc ap, h the height ab 01 
face of the sfe in English feet, and r the mean raJfbs of thes 
earth, or that corresponding to 45° of latitude; then, according 
*^'gftbmbre, (Abre$ d' Astronomic^ p. 620} 




kb'i 


tan. & * 



d \ r ; As the arc denoted by » is always very shikll, it fe hot sensibly 
different from its fcan^fnt, and therefore may be substituted for 
it: hened ■ 




n 


rf : ' 


(=»)-£)• 

Now the mean value of r is *078 70, and that qf |t ^ 208927 
^ English feet, or equal to an arc of 2062 Of/'; and by substituting 
v these values for their respective letters in the preceding for» 
>■ it Wopmes 




n 


(1 - *07 876) x 


r%7 106b 1 208927 10 ^ 


VTTcs 58"‘795 v'iT, 


w^ich is ypr^easily calculated, and does not require any dM 


[on. 


Hence the following Runts. — Multiply th§ square root of the 
height yjf ikc eye in feet by 58^*795, and the product mill' be the 
depression in seconds. 

•• Supple H s= 18 feet* thin 5#*' 79$V 18 v ss 349# 

*x 4 f Q 1 * '^he depnppn o| tile Kqlfeoh when the observer’s 
xjpye js'i^Kfet abov^^e suffece pfthe lea. $nd if *0 «s 25 feet* 
, .58^7^5 <a£'= 294 #$^ thJ^pression in this case. 



Z^rodfuetm^mm- 




With nipect to the distance thafcan be wen by an observer 
elevated aboye the earth’s surface: let AO (fig/fr) tbfcradiua Q$ 
the earth = the height of the eye as tan- 

g^at-IFom the-^hbSht a « A Then, by. g^^eiryj^e '= jt| . bo 
S ial ).'. (ab ao|, or c/’ a 1 (1 + fejHpd t^Ste A| (A +2 ?, )h 

But US' the magnitude of h in all praSncal ^Ses in navigatron 
sb extremely Sfoali with respecfvto %r'^ the former s^jtdonjex- 
ceedingofte millionth part of the latter, the quantity. |A -f 2r)I 
hnay be' regarded as a constant tgfjjtntity ; and therefore the va- 
of d will yary a$ /A But in all small arcs*the tjMS^ent is not 
e arc itself and in this ehse the arc 


mj&Uy dif< 


never ex^Cd| 4 *d^w. ittinutes, d may, without sendple error, be 
substitute for the arc ap, or th^distonce that eal%e sepi froro 
the. point b ; henfce this distance varite as the square root ofthe 



■% 


|atfon that y.’hpp thcV; 


**' 


height df the eye# 

Npw as it .jfc foil'd from c; 
feet aboye the earth’s sdfet.ee {T«? distance that 

J d , " ijjd? w ; " ( ■ j.if )( ' 

miles, we&avev' 1*2247*^** 


is! 




ybich is an expression injgpes for the distance that can be seen 
when the height the ej^above the level of the JStib equal 

toL ‘4|^ 1 

Hence — jSiultiply the square root of the height 

the eye infect by 1*224/, and the product will be the distance thMJ 
can be seen, in English wiles* ^ 

Example.— It h =s 25 feet, then J-2247 *%&"=£ P2$jjp 
X 5 ss 6 1235, or very neadrfy 6| miles. And again, if h » 13 
-fret, 12247 v"18 = 5-ig59 as 5*2 nearly; and*oh this ffrincj^ije the 
numbers in the third column of Tahiti, have bheq. calculated. 


TABLE II, 


'* Jkgmentati^^ihe Moon's gijmidiamq 

J *‘Vy« ■'.% wt 'r> 

A# tbemoon ^escribes her diurrfhlcts«|e about the earth a#n. 
centre, an observer sitow&d on 



,vr 


IntroducWn to the. Tables. 


'•¥ 


her nearest to him in the zenith and tnost distant* $a the horizon; 
and the dUferenpe of these two distances is nearly equal to the 
radius of the ^rth, and. ajbout -y'-jth of the open’s horizontal 
distance frd)» the ^a&'Jpentte. 
apparent diameter* 


Observations of the ngra* 

Mk\ 


m 


lidos of the fixed fifttfag and v 
other circumsfeftn#^, also prove tliat the mooo's^apparenl dia^ 
metier is .subject to variation and since the apparent magnii’ 
tiijdes o^bodips are inversely as their distances, we Rave 5§t&> 

ait / 1 ' # ... ^ 


i:d: 


59 


; to her semidiametiOT at the zenith, where d denotjf 





$ s= the 9 ^ 


her horizontal semidia&eter ; and consei 

f } ,/ >' "w v r 

mentation^tthe zenith. Buj^this augmentation vat#s accord- 
ing to the moon’s altitudes hence if her altitude be dq^pted by 

a, ■fee have 90: a :: 


v_ 

» - ''r° 

and d in secdin 


ad = *0001 88 ad seconds, where a 


a decree. \ , 1 *, 

ultiply tf&e altitude, in degrees, thefior^qntal semi* 
.diameter in seconds of ft, degree, and the number *000188 together, 
and the product mil mi he augmentation required . 

Example .— Required the augmentation of the moon’s semi* 
diameter When her altitude is 30°, and her horizontal diameter 
3 5 # 3 d\ Hence a qjaf 30, and d = 15' 30" s=s ttid there- 
fore *0001 HS x 30 x yao" = 5" nearly, the required augmenta* 
| lion, as given jin the table. 


TABLE HI. 

Equatorial Parallax at different Degrees of 
% LatitudS: 

If the^ar.th were truly spherical, the horizontal parallax of a 
heavenly |>§dy, the distance of which remained constant, would 
be the same in all latitudes. But this will not be the case if 
th^arth’s radii are unequal, for the horizdntal parallax is the 
angle under which ai |bsen^r situated at the centre Of the 
heavenly Bbdy would the terrestrial radius. Hence the 
;$ine of the he?te>ntal parallax is eqtipj to tlj^ quotient of the 


‘ 4 

ion of irk' 



Intrbduction 


he 

'iH, 


tewestr^^a^ius divided by tbe "distance betweep tlfe centre of 
the heaveiily body and that of |he earth; and t$e equatorial 
radius being ifije greatest and thtpolar radin* ther4east, : the 
h&jfafontal patallax consequently daaMSfSsits mto#imum -at the 
/<spator and its vndnmum at the pqfeS^f expresses 

tjie dllpticUy of the earth, the j 09 ' 1 > par%c?f tlie whole parallax 
*\#i)l be theltlifference between these extremes; and the equator 
^so varies from about 53' to 61 '; a&l eloquently 
the diminution on account of lafitucle 4iacreasW from io"*3 to 

4 , - * *• ' H J, 1 , * 

between tl$fc equator and the palps. But foi\alI int&rme- 
^vifiate situatiWf, th^diminution varig* as the square t}m sine 
of the l|S|iti^V^dnce, if l denote the latitude^ the whole 
dimimxtjon f and rf that required at $te Latitude l, its value will 
be obtained by this simple logarithmic formula ^ 

# * * " ' ; ; '4 

Hencp this eaSy Rule. — the sine lk'0 fj aiitr^ &nd 
multiply ifffltfa^hole $imnu$fdth the product urn £%i$e$dimi~ 
* mdion corresponding to that latiluile. , 1 / 

Examples.* — If h ss 30°, and d =r the greatest diminu- 

tion, then sin . 1 30° = Lj 
given in the, table. 

Again^ if $5\ and n zz 10"-3, thd least diminution, then 
, *>iLog. of sin . 2 55° 1 • 8*267290 ^ ; 

/ y Log. of 10 " *3 == ];Q 1 2837^; 

Log. of 6"-9ll4 — 0*8395602 

Or of f nearly, as in the table. 

^ < - * 


i X ll f 7 — 3", very, nearly, as 

1 


% ' 




TABLE It 


Errors of the Surfaces of the large Mirror , taken the^S$iif%bes 
, make an Angle of 1 ' xvilh each other . 

Y ** 

The rays of light are reflected by the quicksilvered surface of 
the great mirror, Which is the farthestyjrom the objects from 
which these rays proceed ; they conseqt§^4y traversp the thick- 
ness of the* glass, and experience a detraction on entering it a^g$ 
a second on emet^ing fr^ it. Therefore, if the surfaces of thfiiT 



vf 


IntmdtocWtfto the Tables. 


mirror are not parallel to each other, these reflations will be 
unequal, gf^jhtlfe angles formed by the incident and reflected 
rays will not be the same ; and the observed angles will conse* 

These errors also it 



^defect. 



With the distance of 'th^j^o '^served bodies from each 
or as the incident npd reflected raj s 4re more inclined to the 
plane of, the mirror; and astronomers determine tfcehr tnag^^ 
tude, by observation. (See Biot’s Astronqprg* votf4, p> 3®2^^ 
The numbers jn this table' also furnish the of caiculatimgj 

the errors of the observed distances for othefinclinations of 
surfaces, by proportion^ ^^r the error correspop^f,* 

ing to the distance observed for verifyiii^tbe'^stfunmht, is 
^llie error 5*) the same 4>r any other qpgle, US the error 

formed by the verification is to a fourth termf which is & error 

"i ' . .1 -aw ' ' ' 'V 

f«qu,red| ■ _ , 

^nm^fe.^-Suppose the instrument had been verified by two 
olye^ d5' J ifcstant from each ^er, and sJ^^||x^|^5Certttined 
to be 58", it is required to %ml the error corresjiSidmg to m 
distance of 95°,4he observation being t# the right. 

Then as $8" : T 43" : : 58" : 2' 3 7"j the error required* 

t*. 1 & 


TABJ.E V. 


> v/V 


f Refraction less* t?ur@.llax K for 29 in \Q 2 of the Barometer, and 57°*2 


v\ >A 
V, yfa 


of Fahrenheit's Thermometer . 


^ llays of, light change their (Mg0twn on passing obliquely 
froxqgtne m^iuni^fe ahother of a different density; and this elect;/ 
isjcJ|etl Rejection. IWie lumitjous ray pass obliquely from 
<^^.edium to another of the same natur^|jbut of a different 
densitjV'iul at the point where it pfisse^fm the <§$ to the 
other, a ^grpcndicuiar be supposed to be drawn tptneir cOm- 
, tbon st«tfa*e, the ray on entering $$ dert|pr medium' will ap- 
proach this perpen^uteg* ®OW th^ ntniflphere .being com- 
, nosed of |p indefinill^ujabef' o/beds or strata of air, the den?* 
||es of which increase as they approach the surface of the 
, the luianous rays tbei^obliquely are in* 
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■ Tofiks* ' Vil 

fleeted td#iT^the centre of the fearlt’}" and hepce afl^e hea- 
venly bodies ajppear more elevated, on this accOunt^han they, 
Really are. This astronomical refracti on afeo . varies according to 
Ijtmie of the heavenly body. 

ave, been calculated 


... w wmt ^refractions contained in , 

from the series given by the celebrated Laplace*- in his great 
the Micanique Celeste. The formulae deduced fr^ap these 
’> series are,*; , 

* ‘ tan, u ** sin, % tan. z ; 

pd tan. nr = tan. rin . tan. \u ; 




,;^ere n zz 3 ‘ 7 S, and >m zr 6867". $ 
* ' J ‘ l!,, %hen z, whi^h -denotes the zenith 


, 


* $ 


tance, is gi#h ; th^first 
Equation will give the vaide of then the secfiill e^patio# .< 

will give ihat of ?ythe refraction,' in ipiitynds of a degree! But 
as this formula i|s adapted to the medium^pressure of the atrho* \ 
sphere" at the mife&e of the sea, or 2®*9’2 inches, ^dMthe tern- 1 
perature of*tnel ting ice, or 32° ^Fahrenheit’s the^'|$^«t% 9 it 
requires tier 'rbcl action Wh$ing it to the^emperata&b $bt*\ 

which the table has been calculated* which is 57°*2 of Fahren- 
heit^ thermometer. Tins may be done r t)y multiplying «, the 
coefficient of r, by l added%> as many times *00208 a$f4$»ere are 
degrees b^pften th^'freezing point and the given temperature* 
as indicatedby Fahrenheit’s thermometer: thus, if thetfe degrees 
be denote^ by d, the formula becomes a 
tan. (1*00208 dnr) — tan. wit . taiS? 

By substituting the given quantities in the two 


.words, the followmg%uSe will' 5 

? Me* .‘‘Jf 


tnulae, and expressing th^ 
obtained. 

Rule- 7 — 1 . Add the logarithm cotangent of tfift^pbserve 
tude io —2 •8330506, and the him mWoe the log . tanjfe&P* 

2. , ’-fkdd the Jjtaw tangent 1 )f to — 1^2250^4^1 

sum rnllfie the logMbftgent of an are , uhich is to be*t$ften from 
the table aM feduoed into j&condfy ^ 

3. j Then 1m *4ke logarithm of this number of sedbnds t 

add ^1 *4003208, and bcMggariihm t>f' the num- 
ber of seednds in the >t eqidwd'ftfrtii$^f$ ' * f # , gg 

" , - <*»< vV’* f 






yiii W Introduction to the Tailes^ 

Example . — Required tbe refraction correspond&g to an Ob- 
served altitude of ao°. *' *>$ 

1st; — Log. cotan. 30° — 10*23 85606 
,> l d — ' l 8330506 

tSh. 'ti = 90010112 

2d. — Log.tan. = . 87^90721 

add — 2’52250I4 'f 

*■> tan. 6' 3 4"* 5 =£ 3<)4 ,, 'S = 7 2815745"), 

. 3d.-‘-Then log, S9 1"-5 == 2 5,60470 ' ’ 

, add — 1-4003,208 

, Log. 1'3&"±*S0 "-i67 = 1-1-963678 M- 

The required rcfractioii%t 30° of altitudfe is. therefore equal 
tp which is the nuruberin the table. 

Rut the second colurpnjjpif the table contains the refraction of 
the sun diminished byits parallax, or the results of r — p; where 
p denote^th^arallax. Now the horizontal parallax of the Sun 
is equal to the quotient obtaine&Jjy dividing the mean radius of 
the earth by the tnean distant between the centres of the earth 
and sun; arid his parallax of altitude is proportional to the sine 
of his zenith distance or to the cosine of his altitude : therefore 


sine of the paral. in altitude — 


PttrthN redin'* x co**, altitude 
mui's uit.au distance. * , 


r cos. a 


by using the initials of the words only. Expressing these quan- 
tities in terms of the earth’s radius, the 'formula becomes 


23678 COS * a ! 


’000042413 cos. a. 


Hence this Rule,— To the §mk? r —5*6^74939, add the 
logarithm cwfie <flhe altitude , am me sum mil be the log . sine 
of th4^arjalla^mmlit ude. 

pimple . — Itcqujred i hf sun’s parallax at 30 * of altitude* 
Log. cos. 30° 9’93753pjS^ 4 ■ ‘ 

/’ Add rr — 5(>27 4|30 i ’ ’* 

K% Paral. reqd. ?' = Sin. 5 60602 id /' 
Consequently l* 39" — \f ff 3z*, the number answering to 

30° in the second colupin ifif the table. 
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Table 


Corrections of Refraction 



^ 4 ^!Thfc refractions of Table V* r are calculated for th^^cdi^ 

•lj^- teBft^cratur^ -but wjbenjnuch accuracy is requir'd, it becalm ; 
i^cessary to Correct these refractions tor jfee temperature at the* 
,|t^ae of the obserVffeons. These co^fctiqns are emulated J|y 
diflMKnt values of flngpbe fpnqilla % 
talk. (1 *00208 dm) =~ tan. mb . tan. J v, ^ v 

and calculating tlie^orresp<^lin^telSiittpns; and the difference^ V: 
between »these antf the refractions Sfevfering to the piqditiim 
temperature, or^‘2 } will give the corrections ing^rW^in this 
table. - These different values of ^ only cause a va^a^ti in the 
number to gjld$l to tbe"h 


from the pt^o^iing formula. Thus, if the temperature was 
78^8 instead 6f57 0, 2, the value of d wouldbe 7^*8 «-32 0 sr4G^8 f 
and the number to be added would be — 1 *3821 650. Hence if 
it were required to find the correction of the refraction at 30° of 
altitude c^rre^onding to this temperature,by taking the number 
of second® found in the jtrecedin^ Example, we have mi 

Lo^of 394"-5 = 2*59^70 
•> add — in?82lQ5o ffi;> 

Required refraction as gT'* 107 1 ’9/82120 t ' ' 

’ Refract, at med. temper Ag. ;0 - \t>7 , - t 

Jjumb. in the Tab. Differ, = 4"*0 6 = 4" v^r nearly 


TABLE VII. 

k , .»■ 

CorrectmYs of Refract ion^e/ati^to Atmospheric 

The refractions of Table V, aijP ca^tilatpd for the medium , 
pressure of the atmosphere^ or i|gl^4of tfie mercury in 

the barometer, and therefore require Correction wherfthe 
sure is different jjfepm great accuracy is rcquisilel; 



3ow, as powtfr of the atmosphere |||>rbportiona{ 

to its denflfy^and its density as its pressure, ^ follows that Hhe 
rcfragting power £s directly as the pressure: therefore if h denote 
. v *)be Wight of tile ine&|yy in the barometer, the refracting 

^ ’Vj * J ^ , ' ' ft 

power of the aliuospherOWillvary as — — ; hence is derived this 1 

*t " <•?*' ^ - 

* FcUL k Multiply the mean reaction by this jakio> and 
■* product will b&the refraction ansxvering to the gttij&^pressU 
^The difference between th% and the mean refractions the correct 
\$ ion Squired. - ^ , 

Example. — ^e^ured the correction of the medium refraction 
o^accoynt qf prq^ure, when the height of the barometer is 29*1 
^%Sies, and the altitude heayagly bod^30°. 

Her e^the medium refraction is p9^whic|i^ing multiplied by 

j^Jfes'^6" nearly fo# the refraction at the given pressure 

2()*l inches; anly^''—- 96 " zz 3", tehc required correction in the 

1 : 1ir 4 $ 

.W^iCn it is thoqght necessary to cornisl the medium 
refractions of jMMe V, both the corrections contained in this 
and the preceding table must be used ; for the density of the 
atmosphere is in the ^direct ratio of its pressure and the inverse 
ratio of its temperature, and coBseqjWtly in the compound 
«$ratio of the t^gfci' >|tt is seldom necefeflRy co make use of these 
corrections fo tyspiall variations from the mean pressure and tem- 
perature corresponding to the refractions of Table V, when 
both these variations are either in excess or defect ; for then, 
sbeing additive and the other subtractive, the effective 


ilKidy the«r di$Feience, which is generally very smaSl 
nothing. But wlien the one variation is in excess 
in defect, tne corrections are both additiv^or both 
smbtn^og^ftnd the real correction is their sum. For example* 
if tW^^^rrik»mcter were at the^freezing point, and the barome- 
ter at 30*6 inches, J,he total ;||>rrect ion at IO Q of altitude would 
be 17 rf •+; 8 " s^*25'%^l|Jitive ^ and if the barometer were at 29*1 
Relies, and Famrenhelt’s thermometer at / 5°*3, the'whole correc- 
tion at the same altitude would be 9 *Vf 1 20 ", subtr^tive- 
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TABLE VIII. 


«r * 


♦* ^ Parallax of the Moon 

The moon being much the uearetf^bf the heavenly bodies, 
subjept Inconsiderable va^atio#in her distance, herparak 
4ifeis not! tKe greatest, hut also varies with respect to bpth *> 
time and plaici#. The vaW^tions depending upoli the latter are v 
given in Table III ^and with reject to the former, astronomers*^ 
v^fove that the sine of the moon's horizontal jmrallax is equahtp 
the ratio between the radius ofthe earth and t n^ti^tance jbe tween 
the centres of tho earth a&d mien ^ any given time ; 1 


adopting the initial of thesjje words only, sin. a* = -*^,wjiich,ac- 

a d * 

cording to Delambre, is 7 -~~ — ‘01 6$ 788 =■ sin, 5 fo?Uie mean 

distance of t#»e$poon from the earth ; the extr^fes af the hori- 

• 4 * 


zontal paralfijjt being about 53' and 6l\ flten, if^denot^ 
parallax at any altitude r/, since this varies ,; 
we easily obtain the following formula, 
sin. p =a sin. p cos. a ; 

which inverted into words eives this eas^r 

* , **> ‘S; 

Rule ! — Add the /( 


cosme 


iue of the horizontal parallax and thex,,~ 
log, cosine of the moons altitmk l og et her fdmiiifang 10 in 
index , and the sum tv ill be the sine of the paralldi corresponding 
to that altitude. #> 

Example . — Required th& Avon's parallax at 30° of altitude, 
the horizontal parallax being 55'. / <* . * 

Log. sine 55' =£8-2040703 * 

Log. cos. 30° r$9;03 75 3<^V , l '’ , 

$ Parallax requited 4/" 38" = fo* 1 - 1 1 60 Jtj^ ^ 

, . 'Wf* , v ' 

Subtract refraction 1 3 9 

Parallax— Refraction, 45' of the Table. « 

The fight hand page oftdiis tabW^V com^j ns proportional^ 

parts for the odd minutes of ^ititude.?lnp i %he jfeeonds of ch^ 
horizontal parallax; by mean^of which the whole of the 
quirod .parallax hhy be dfctaiiied by inspection. *Thus, the first 

"-‘'A.t# 





ft A 


^ Tntrodueti^ to the fkbics. 

'bi&l 

column, ©j^le^ proportional parts contains thuapcparis corre« 
sponding'fo^^ 1 O, 20 , 30$ 40, and 50 seconds dr the horizontal 
j>araU&3t; the second column contains those ^answering to, 1, 1 1, 
ftl, 31*41 and 51 sgj&i^s; and the third column, those^r2, 
22, 32, &q, He' i&fei Wo columns of the page contain the., 
oddminute6’^fthealtitude,/rom 1 to 9, with their correapon^g 
proportional parts, and the proper ^gn at Ifie top ^pf |§&col uifcC/’ 
The use of these is evidtgit by inspection. ’ 


ti ; O"' 


V*X ■ 

/r-e m Alii fin 


TABEfe \X. 

%■ 


V. 


r > -A «f* Jill n iivfp timing thg last Minute . which precedes, and 

follows, tk&Sun's Piffgagc the Meridian . 

TheSl^tude of the sun varies at every instant from his rising 

to his setting, increasiug^bntil lie arrives ft the meridian and 

then decieasitijjp&fter lie has passed it. But the variation in 

altitude i!s ikOtoiniform 5 owing to the different degrees of obliquity 

of (hr gun’s pat 2 i,ana the vertical circle. * This cfrtmge of alii- 
v# „ 'V . . ( 

tude for any time must therefore be found by calculating 

his zenith distances at the beginning and end of that time, and 
subtracting the one Ojjpm the other. This altitude and its varia- 
lions, hovrevpr, are the same at equal intervals before ^ttd after 
the sun’s passage over the meridian, ami consequently the same 
caleuiatioiis/wiy^nsv/er for both the ascending and descending 
change. M. ZtefowArr, in his “ Lemons elementaires d* Astrono- 
mic,” page 207, lias given the following formula for finding the 
zen^h^sjance of the sue at any given time: viz. 

\ =■ cos. i‘a , cos., tz-i sin. r a . sin. rz . f*o> p; 

the zenith distance ; pa the polar distance, 
*declinatj<$#, according as its denomination is the 
^different from that of the latitude ; pz = the di- 
n the pole and th* zenith ~ the complement of the 
the horary afcBB, in this case — 1 5' of a degree. 
*a*This fo r uifuh^Se ref 01?$ fi$ftiSnt!s the following 

ItUCK. — idt Add the tog. cosines of QO qi declination and of 
the complancn^qf the latitude together ^subtract 20 from the index of 
their sum, and find the answering to the remainder . 
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2d. the log . $in<$ of the ,, 

the log. cosine flj/i 15 r , subtract 3 Q.from the indisx/j& i| 
tfw/Y// number cor remanding to itie remainder, $ 

H$T. Mcyy? to natural numbers take the 

, of the sum> and increase the index by |l07 iwffih tyM, give thS 
cosine of zA , Me zenith distance , a/ minute of $mc before or 

■fftcr lhe,suj0 passage overfill meridian. * v ^ 

\\l)eh$^|un is on th^meridian, tlip horary jpgle r~k o, the , 
cosine of which is equal l, and then the zenith distance is ecpaal td 
tlie diffe&nec of the latitude $»d declination when they are df,^ 
'3. the same name, or to their gum \vlicfi of a^fSwnt denoi^a- * 
lion. Therefore the zenith distance ofotainefrby the <$$cuh 
taken from this fy$ki or di^renee w Misgive the diangetri all 
during the last minute which precedes, pr the first wh? 



the 


sun’s passage over the meridian^ 




Example . — Uequired the increase or decrcaaft jn the sun's alti- 
tude during ll^jUiast minute before, or the firetl-j^fter^his passage 
over the mdHHian, the latitude being 60° atM the- decl 
both of the same denomination. 


Log. cos. 72 ° =9-48(©d24 
Log. cos. 30 — 9‘93/530(> 

- 1-4^5X3Q 

*■ ** y 

■V 

•2(>7i)l65 
5238 


••J* 'W 

> 'i‘ . 

Log. sin. 72 ° = 0 * 97820(53 
Log. sin. 30 = 89700 

Log. els. 15 '^“ 9*9999959 
~ LO771722 


IN at. Numbers 


{ *2(>7bl 
*47552 


Sum. 7431403 Log. H- 10 9*8/10708 

Concspond. zen. distance 1 ^ 42° O f l ff -£ . 
Subtract (iO° — lh 1 ' — 42 


X 


Change in alt. required, as i* 1 the table 

*?’ ' 

' 


TAB$s.E X. 


Multi alien of the Nurnbentifc>i&aiue& in TjJ 
T ** $ r 


■"felXX. 




This table depeuds upon the approximative principle, that tii£* 
change in altitude during a ^rt before and after the sun 
passes the meridian, is proporti^jj^jQ;-the square of the time 



- •£ uv 
VijV 4 

< X 


JrUroductM^J.o the 


*# 


EoUb& moment of observation sit 


m 


SnsUfct of 


that pasSsjje ; *frrid the miqibcrsMt cjgkains egjt. flncrefore found 
by Bowstring this time? cfcpressedin minutes gnd decimals. This 
-il^roxihiatiq^ is si^eptible of being extended to abeftft 8 


being 

minutes *of Lime, vf 2 degrees of space, before and after the sun’s 
;#^P as ^ e - 


, w Tf ,-. . ^ to fipd thb number Jlhe 

^ answer mg to 42 3 either before^'s^aftcrno^i* it jjftJ^uarQ^ 
(4’ = 22- f 0i), or 22 -t aearly, as i^Kfable. '* 




.TABLE ’XT. 

^ , 

5??8|S tii&Caturliom of"ihe ihongitudcs obtained 
by yfarime. Chronometers^ ff. 


To obliwn^jj near an approxiiiia' i<ai' to file truth as possible, 
the gain dV losC^dfetlie chronometer by wlrfth the difference of 
longitude 4 s <us£flttninrd, is at first supposed to be nothing, and 
to iitobrv r m ly » and therefore the gain on any given day 
from tb^ 4 *ommweeiiiei^ will he equal to the sum of the gains 
on all the preceding cloys. or to die sum of an arithmetical pro- 
gression, having one for tlie first term, one for the common dif- 
feicnce, and t!u g'vdh time m dors for the numbed of terms: 


4 £that is the sttuA bf the s.ujcs of coiiiecutive numbers 1 4^4 f ; 4 
445 4 the luimbei of unil 5 ? in the last term of 


this series 'equal to the number of terms, let this term 

be denoted by n, and the following simple formula will give 
the number in the {able answering to the number of days ex- 
n : viz. * n K4-1). 

v Example. — Required {hp number in the table answering to 

¥ da $r3^ .. fM : ' 

Tier e^sbs^, and by^i^ptitution the formula becomes* 

^ 1) ~ M + 25) *= 1*653, the number rrqni red. 

#. ... / Hjtf J4CI# ft- and XIII. 

f , t, 

for folding, inti 0,01 rectiov of the less of two Altitudes ofthe^Un 

$ Inhen out of 'igMeridian . 



The piinoiplcs upon ^jitdi these tables are constructed are 



lutfflfjtiucticrti Tablet 


xv 


/nv estjgaPjNKN o te vn, in tlifc nreeediiSr r>agtfT;1a&dJ;hc formula 
from wjiich tWf con>i»ijld*i '" ' 


<fbk. (i%* k) , iiji, d 


versed sin. a «.# 

• Mt cos, i , cos. II 


* 


't*** 

9£ 


W! L ' cos - " 

^ whcfi-e a denotes the a^niuth, h the^tild^ii tlie*saltitutJe,j^| 
p the declination of the sun. The upper sigu 16 to^|^fSed whek 
dec|inationVe of < 

■■ wk lowgf'J^cifr they are efiflj^nt. The left hand page qf Table 
XI^contjpSFtiie first teip& of this formula ; jpdts to be entered ! 
with th^Jlatitude l and altitq^fe h. The numbers in thi^ablc^g 
are therefore calculated by 4 W # Tolla\vitig ' 

Ruie . — Add the complement log . cosines ofMg0titu^nnd^H- 
fade to the log . cost tie of their difference, %tbtiWtvbfro^%t e 
of the sum, and the Remainder toill be tl&c logarithm 
■mm her in the left h&ml ptitge. 

And for the numlffers in the right 1 Ad pag^pf Sie'tfrne fable, 
entitled argument ; Add t/ieAmi complement ci^^sincs of the la- 
titude and alii link together, and their sum Xvill be %f 

the required? number,' . ^ ^ 

F,c:aw pie,— -hot it be required to calculate the numbers in the 
table answering to 54 ° of latitude and 42" of altitude, when both, 
die latitude and declination arc of the &ajue denortiination. 

T<mip. log. cos. 54* — 0*230/813 7 Oo 5.07080 sum, 
Comp. Jc>£. cos. 42 O 12b.q207 ;S^ 

Log. cos. 12 - 9*9904044^ 

Lust term, nat. numb. 2‘24 —0*3501 124 
fable XIII. contains the second member of the same formula, 
and Is to be entered with the declination and the %g^nent 
taken from the right hand page of Table XII ; and tlr&Wf$re 
numbers are readily calculated by ike follow ing 
Hut.f.. — 4dd the complements &f0jj$'!fyg. cosh 
nnd alii jdttyo the log , nine of thpxlcbli nation, 
index by 10, and the remainder jf ill be the loga 
tjuired number . <$Jj, 

Example , — Calculate the number 

elation is 20° North, and Jhcdatitudc and al 

•** '* 

in the prgcctlmg example. ' 



fc»iiumb. 2 fl£h' 

'iktC V* 




en tire de» 
e the same a* 



XVI 


hfy'odtictim tQ the Tajtfes* 


Cojpp^Jof-Cftp. 5^“0*23.p7#i:5 . 
■ •■ • Cwp. log:.oos'. 4& =*m2892j$r' 
I<og. ein^decl* 2tf ^ %^340517 
Nat. numb, required *783 I*i8937$tj7 


jfc 


TABLE XIV. 


'/ a 

* * . 


in J 



ithal arcs, 
cither 


H Azim^k^torr^pontflng to t/vjfiQ | 

The nifhibcrs i$$$his table are tiil^rsed sin 
tfip preceding formula and their corresponding 
The multipliers in the table are thtffjprsed sines, am 
be imm^tfately^ulculated fi;om the formula, as above* 

the Tatelcs XILated XIII, as dirceteU^lt ^aijt, 40; and then the 
corfespqniLlitfg arc found Irt a table oLiraCuiral 
Example *' — Required the azimuth, of ven quantities 

are the same as in the preceding example. H 

The first te^^ipTrespond ing to these numbers has been found 

— 2;24,andj^fl|feeond“ *783; and therefore (art; 40) (2-f*783) 

— 2 ! 24 versed sine of the azimuth, the arc corntj- 

fepontlin$ to whin is 62° 48', the number in the table very nearly ; 
for 62° answers to the multiplier -j,3 and 00° to *55. 

■4 ' ; 

*- *f . TABLE XV. 

' „ u* » 1 

>f'- Altitude djf'the Sun tv hen he passes the Prime Vet 

Astronomers prove that when the sun passes the prime verti- 
cal, the sine dfhis altitude is eqird to the sine of his declination 
divided by the sine of the latitude of the piace of observation ; 
the numbers in thi* table may therefore be easily calculated by 
the following simple fonngia, in which the respective words are 



denoted by, their ii>itia$|^jj 

Vjfc " v' Ipv 




-,- VT „, k,n - L . _ . 
is —+Add the amijvement of the log . sine of the latitude, to 

the lofr.^fn^fjhe declination , and the sum will be the log. sine of 

the altitude. ,f •, 

£.r«mp/&^Jle<juireif the sun’s altitude jyhen he passes t^ie 

prime vertical in latitude 52° North, an (This Agination is l<i" 

North. * 



7% ' f * M* * 
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, ’ * " > " * 

G$np.*1og. sine 52? =^Q'\6346" gi : 

Log. fpe — $44 03381 * 

AUitude rcq. 20° gjjf — sine y '5 438060 

* di ' ' Hk 





Right 1 A^zmens and Declinations of 36 o$Mc principal fxed ff 
Stars ike l*f of January^ 815, mth their annual Variations. 


: Afiticpnomers generally obtain the ’right asccn*#ons dejc 
nations of the fixed ftar&lbjr obseiTation^ancf^alculatcfTOir afj^ 
elements from these. ^e$rst column of this table.'i^^ins the 
nameshof the stars Wi$fe#ieir‘ characters and magnftu3es Annex- 
ed; and the annual variations contained in the .wrd Column are 

■ V* v.< * s 


to be added to the right ascensions of the 


, column for 
|hent 
t»% Vie 


every ydir, 1 S|ius the right ascension for any 
tefttbe date ..bf the ffcble will be obtained 
annual variation by the years and parts between that Sate and 
the given time, and adding the product to the* right ascensions 
in the table ; and for any time pribr to the date of the table, by 
subtra^^g' this product from the tabular right. ascensions. , ^ 

Tfyeft$ual variations in the last column awe aJjMJ lo be multi- 
plied in the same manner, and added to the cdripj||sf^ding decli- 
nations in the preceding column, or subtracted 'from them, ac- 
cording ds tile sign is + or — ; and the result will be the required 
declination answering to the given time. *, ^ 

Example . — Required the right ascension and declination offct 
the star Rigel for the 1st of July, 

Rt. ascein l Jan, i 81^9 i 

49 

Valuation — 2 fh S/6 x 3'3§ 

Right, ascen. req. 


^'3 8 ’'te 

>* 4 10 07, 


. 5 11 AO-^'-O^ 

^ 4; 

Dec!. 1 Jan. 1815 == 8° ,26' 43 W ;9$|T 

Variation 4"-g2 x 3 ’5 = — 1 7'22 

I>ecl. required.^ ,,.,, 8° 26' 2t)"-^8 s. 

'i&f ■ 


* „ . 



xviii 


«JnirodttCiio%$) the Tuples* 


VimKlV| 

* * ' 
^ r , & m 

Cvntaiytwr tlie Logarithms of Number s^dth thciriA rithmci ical( 


^ ■V ml CdfrtMemenis* from 1 loJ)500. 

f *** 1 i- ^ "W 

Tliis tabic differs from those 



the |iritlimmical cbihplcments of th^logarith 
same^jne with the logarithms thomselves; and cl 
* got require any particular explanation. It may bp|^acrved, 
howeveiythat index to jySjr of t he^ omplemcnts, 
inserted in the isu»f#iiys equ^^khe difference between 

1 0 and the^mber of places of whole /ium%r^iAtbe natural num- 
ber corrg||^du)g to the complement ; the timber 

is 10, 100, 1000, &c, when it tethe diflerliiCCTbetween 11. and 
that number, advantage of using the complements is, th^t 

n performed by logarithms, instead of adding tfie 
second together, and su^acting tjie 

their s A, th6 tlffljt terms are W^ji ^together, and 10 is omitted 
in the index pf the sum, whicKjs done mentally, and which there- 


operation of ad<t§ip» ; as in the 



fore reduces the whole to a s; 

^subsequent e^p^gle. 

// One of thy^Pfftcipal uses of common logarithms 

lations of Astronomy, is in finding the time \ 

to the true tgfljbulated distance* between the moon and |c sun 
m ^ 4 .sAfa if 

or a stun This distance is in the Nauticai^4d r ^ anac f° r 

every 3 hours ; and u'sttltfpe for any intermediate timly^r the 
.time for any intermedia^ distance, Jsr, found by proportion. 
Thus, if the distance wjw^|ifcn and the corresponding timq^e- 
quire^ ; w tkke the dij^teiij^wlrwcen- the next greater and next 
V lesa distances in the Almanac and also begj^een the given 

dSf&Ince a&d the nearest of these : then the time corresponding to 
this las^iffcr ence may readilybf found by proportion, or byadding 
^t}ie logar^najS of 3 hours M 10800 seconds, and of the less differ- 
ence to <#^A^ement logarithm of the jsfejater (difference, 

# ting 10 in the index; and the nati^jal nufnoer aiisteering to thelspm 
will be the time, in second corc^>onding to,%£ Jess, difference* 



Introduction tqjhe ^Tgiiks. , 


ii 


xix 


and Miich mi^be’a^ed th^lime cprre-, 

uponding fo the nearest' di^^rt^givep- in ftre ^autical Almanac, 
jn order to obtafti£i<j; tiaft requital * * *' 

, J?xa»i^fc.-«-Suppoie the distance between the centres' of 
• $un and moon on the Gening of the 8th of Augpsjt ^8i4, w; 

<Sacy»ne ofjthe o6s4^fc$ip'’ 


9l a M', 



tat 9 hour! 1 * * 
in 3 hours 

, ft* 

Since at 6 hours 

'Given distance 
Diftercnc- 



= 91 Q ft 
= 1° 35 tc" — 9f>'*2 nearly. 

Qi° #5' 2 7 

*£,54 

0° 



% JUV 


Com^flg*P*2 = 8' 021 3631 
f Log. of 41 "45= 1*6175245 $r / . 
L*bg. of 3 ho. = 10800" = 4-0334238 
Corresp. tirne'^ 47Q2"*3 = 3 0'723114 S 

4 *^7 - 

Therefore, to the nearest tijwB, = 6 h 

Add 4 /02 "-3 . Vj ' = 1 16" 22"'3 

--l^ Time required ^ * 7,1 18 ' ?C? 


TABLE XVIII, 




Containing && logarithm Sines at$d v Cosines, wi/H their Comple- 
ment wid Differences aus'meriiig to every 10"; also the loga- 
rithm Tangents and Cotangents, xmth their Differences correp 
^ponding to the same Arc 

. This table is different from th^^^^^non use, and^lrilf fee 
foqnd more«|^mvenient, as the co^pflients of the logS&ftiiu, 
sines and cosines can be taken from it by inspection|(i .Jhelftne 
manner as the sines and cosines themselves. The1|ifffe^ees for 
10 W instead of V or 6o f/ will also be Hund convem^j^by avoids 
in^the proportion iffc finding the logarithmjlpi&^^^ig to any 
number of fiecmA. The4ig^es on the right hand of the differ-} 
cnees of the, cogues of smalpkrcs j^SiVthe sines of larger ones, 



xx Intm&duclion to the Tables. 

' * JJ# 

separated b- Ste tsilfe to be considered jjp 

decimals w ith respect, to ij|| otp^f^liri^L Thus, if it were^ 
quired to find the log. sinq'i^d cosine ansj^N% to any numbg^ 
degrees, minutes, add Seconds, the ,qorresp*nj|pg logaritly»£ 
difference fpr io' - mffag, be multiplied by the tens and units fat JBrej 
seconds sep&mtoly, andjiha. righ^jtand figure offjre last pr«Miict* 
omitted, carrying one, when it ex&ttfas^, and gfcpducfei 

added to the log. sine of the degrees at\d minut^iir^i^ractcd 
frdrn the cosine. * * 

JB0 topic, — Required the logarithm sine and cosine&fV 
Log. sine of = $4)6 14*288 

Npwr -wfcSi =.*sf po. 

Cog. 7 — 2286x7 = , *»*'*’ 10o2’6 
, sin. 5" 15' 37' 

It**' 


= 8*9612755 


Log. cosine 5" 15* 

Log. 30" = 1()-5X3 — 
Lbg. 7 = io*:^7 = 


9’9DS1743 

i 

5S-5 
13-05 


Log. cos. 5 ^5' y 09BIO71 

This operation of adding^l^wo products an$Ujj|fing to the 
tens and units the seconds together and subtractijl^ieir sum 
from the logi^pi^ of the degrees and minutes may bfe avoided, 
and the whofff operation performed by addition, in the satnfe man- 
ner as for th#S$j|e 3 by taking ^ie log. cosine of thfcjpext greater 
minute, and also the nurnbgr ^seconds from (J0,'%|$ch may be 
done mentally, umj^tben ‘tf^ding the log. of the remaining 
seconds to the log. cosine of thfe next grater degree and minute 
instead of subtracting it from the next less. Thus, resuming the 
latter part of the preeedifi^ example, viz. to find the cosihe bf' • 
5° 15' 37", since 6 f-$fj=z \ 23", we have 
•.'*» Log. gosine of 5" iff — 9’998lG2(> 

T3og. of 20" =19-5x2= 3 9 

Cog. V* 3 = I y-5 X 3 = 5 85_ 

. .Log*'fi»lwn)& pf 5® 15' 37" = 9-9^67 l~ag Jjefore. 

The same observations are equally «ap[Sicabte'&b the tangent 
and cotangent as to the sine and dosine. 



Introduction to ike Tablet. xxi 

M y M * * 

The operations f r Mdingf^c Mmpletatt^of the sines and 
opines, answering to.itny ilm^r g^Kconii, fle the reverse of 
those for the sin#*at|d cosines themselves; that is, the logarithm 
^ corresponding; ^ the given number of- seconds must be sob-,, 
4jraQted for (hie complement of the sine, and addedJor the com- 


pleffi'ent of t|fi# cosij^ ? o£jhe subtraction voided, as 

shown|*^pf^ hgr taking ll^pomplein^it for the next greater 
minut4^^ m^iven number of seconds from fft), and' adding the 
corTespcmdsHg logarithm. This will appear more clearly from the 
following?^' ** ^ 

Example. — Suppose the , two sidjpsof a spheripal triangle to 
be 70 ° 35' and 42° 23^1 and the kngte o£|ft)«ijp the former. 


130° 4' 28"; rented the' angle opposite the latterifcide. 

\,f„ • Comp. log. sine 70 ° ^*#0254303 

V Log. sine 41 23 = 9-8202630 

C 49 34 =9-8887232 


, Log. sine 130° 4' 26"or 49“ 55' 32" = 


30 * 

=' 


Required at! 


32 51' 37 W '=* sin. y7344?31 


Note* The logarithm seran^jjiwJ cosecant, though not in- 
serted iif table, may easi^jSfe found when required ; viz. 
the by annexing the difference betwe©! t^index of the^ 

cosihi^^^Iy, as an index, to the decimal part of tnl^omplement K 
cosine ; and the cosecant, by annexing the diff^ttn^between the 
index of the^ne and 19, in the 4 same manner, W the decimal 
part of its doritplement. The sedbtWd cosecant* however, are 
not required by the preceding nilbs, * ^ 
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Nj^TICkL jyStKONpMY. 




Difference 



















HAUTIC^t &*BOXGMY« « 


U'tfra^i*for &Q’Cfr InffosWthe Barometer , 

thermometer. 










TABIiftt QT NAUT^AX ASTRONOMY, 


tAj|JLE,VI. 

t (. 

Collections of Refraction rclatixe to Temperature. 

r 

The refractions of Taax# V ahswer to 5/ 2 of Fahrenheit’s 
thermometer. Cold increases refraction. 

* ' ,, » 

Add the following numbers to the refractions of Table 

v * 

^ * * *. ^ 

Subtract them from the numbers of TAfxr VTfl, or fiom the 
parallax of the modti lc&s refi action. 

’« 

Fahrenheit's thermometer. ’ 
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TABLES OF NAUTICAL AsTtOMOMY. 

*"*> V'V’J; 


T 4JF# 

s« * 

* . U> 

V, * v\ ,« , tt 

Correction * of Refraction relative to Temperature. ' 


The refractions of Tab-jcw^ arti|W to $^°*2 of Fahrenheit'* 
thermometer. 5 Heat dimirmhesrefraction. > If * 

i# • ' *>■: " 

'jSjffljlract the following numbers from the refractions^ T able V; 

u ; t ,Vf t i,i’ 

V' / ' , > 

Add theniAb Sie numbers of Table VII Ij- or to the parallax « ' 
of thex^ton less refraction. , . 


Fahrenheit’s thermometer. 




25 29 

24 26 

21 - J 23 

d9 21 
46 18 

is n 
12 14 

II 12 
10 11 
8 9 


;2 s 
13 2 


34" 37" 
32 35 

29 32 

26 28 
23 25 

20 22 
19 21 

16 17 
13 15 

12 13 

10 11 
9 10 


3 3 

•>« 2 






TAjna&OF NAUTD^L astronomy. 


T^LE ill. 


|S » motions ofnefractim j§ relative to AtmdSj&fflte Pressun 

^S^^fractions of Ta^rV are thfse which take place, when 
th<ntfm)sph 4 re suAins a Cjfftmn ' 6 f mercury of 29*92 inches. 

/ «L ' * 

Refraction increases with the^>reDbre of the atmosphem ^ 


jli?fifjhe; following numbfe^f to the re&pcti|i 

; SuStrhct them fr#!® the numbers of%||p^ ; ’ 
lax of the moon less refraction. , 

. . ft, 


Height of the barome ter jftS fachW. 


3 I'M 31 •’Is 1 30-92 





















TABLES 07 NikmCAL AfitMNIItoMY,, 


^ # 

Corrections of Refraction, relative Atmos]keric 

The refractions of TabSIs $$jre those which take pUjijS when 
t hj^atj jnogphere sustains a ocfuniR of rirercury of 29*9S$incheS. • 

on diminislfes as. the pressuEftpf the atmosphej&j&aeases. 

* 3& r » 7 **f • ' ; 

$miten from the r eia ctions of 'liffetE V-j" 

** . > ™ 

aumbers o^Table VIII, car* the p^lllax of 
tion. ** ** 
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tables of !;ai riCAL a^trokomy, 


TABLE VIII. 

Parallax of $h§ Moon less lie fraction. 
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ft ABLE VIII. 

* 

Parallax of the Moon less Refr'actiaji 
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Horizontal parallax. 
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;*TABLE VIII. 

Parallax of the Jtfonn less Refraciidt$' 
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TABLE VIII. 













TABLES OSj^NAUHCAL ASTRQ^OMT. 


TABLE VHL 

itsffabtallax (>f the Moon less Refraction. * 
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table yin/ 


P^kilai^of the Moonless Refmdiion. 
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9-964993^3 “.‘I 
9*994974tr 
9*9949546 
[9*9949352 
9*9949158 
9*9948964 
9*99437 69 
9*0948573 
9*9943377 
9* 9948181 
|9*9947985i 
9*9947768] 
[9-9947591 
9*9947393] 
9-9947195! 
9*9946997 
9*9946798 
9-994659 9 
9-9946390 
19-9946199 


Sine 


0 0042472 9**478023] 
0*0042650 9*1 4821 8£ 
0*0042188,9*1491821 

0-0943185 9-1,514543] 
0.0043365 9-1523627] 
0*0043544 9-1532692, 
8^043724 9-15417591 
0*0043905 9*1550769 
0*0044085 9- 1559780 
010044266 9*1568773 
0-004&48 9* 1577748 
0 0044680 9*1586706 
J0*0044«2 9* 1595646 
la-0044#^ 9*1 604569 
[00045178 9-16li473 


[0*0045361 9‘ .-o jiw wwj yju.- 

0*0045515 9*1681231 '!|L{lO* ? a3«8769 

M.aai mem i3.i ciMoi 


31*2 
31-3 
31*8 
31 *3 
31*3 

31-5 
31-7 
31-7 
31 7 
31*7 

31- 8 
31*1 

32*0 
320 
32*0 1 

32- 2 


30*5 
30*7 

1^^0645729 9*1 6l#S3| 
Ej.g 0*0045913 

0-0046098 9-\tynm 
0*0046283 9*1666538 
0 0046469 9*167^22 
0*0046655 9-1684089 
0*0046841 9*1692839 
0 0047028 9*1701372 
0*00472-15 9*1710289 
0*0047403 9-1718989 
0*0047591 9*1727672 
0*0047779 9- $736338 
0- 0047967 9* 1,744988 
0*0048156 9*1*7536122 
0*0048346 9* 1762239 
|0 0048536 9*4770840 
IQO048726 9*17794$5 
0 OS048916 9-1787995 
^0049107 9-1796546] 
0 0049298 9*1805082 
0*0049490 9-1813602 
0-0049682 9*1822106] 


0 0049874 9*1830593 
0-005006$ 0*1839068 


323 
32.3 
32-3 
32*3 
32 -5 
32-7 
32*7 
32-7 
32*7 
32-8. 

32- 8 
33*0 
33 0 

33- 0 
33-2 
33*2 
33*3 
33*3 


•0*0050260 MfeWTO 
0*005045# $§$55966 
'0-0050646 MB64302 
0*0050842 9* 1872302! 

0 0051036 9*1881190! 
0005 123l 9* 1 889575! 
(*0051427 9-1897939] 
0-0051623 9*1906287] 
0-005)819 9*1914#! 

0 005201 5 9* 1 922939 
0-0052*29' 1931244 
0*3)052409 9*1959529 
0*0052607 9*1947802 
0 0052805 9-195605^,;^ 
0*0053003 9*1964302 
0 0053202 9*1972530 
0 0053401 9-1980743; 
I0-0059V0V 9*198894) 
0*0053801 9-1997125] 


Dio" 


1467 

1464 

1461 

1458 

H# 

1453 
1450 
1447 
1444 
1442 
1439 
1436 
1433 
1431 
1 428 
1425 
1423 
1420 
1417 
1415 
141*2 
1409 
1407 
UG4 
1402 
1399 
13£6 
.1394 
1391 
1389 
1386 
1384 
1381 
1379 
13/6 


Cotytngeiit 


10*851 §81$ 
10*8508679 
10-840455$ 
10*8+85457 56} 
10*84763/3 
10*846730554 
10*8458261 “ 
10*8449231 
1 0*844022$ J51 
10*8481227 
(io*84»950 
10'84l3294 
) 0 8404354 
10*8395431 
10-8366527 
10-8377639 


}j;|ll0 ; 8359917 
JX? (0*8351081 

u»m$m 

10*8333462 
10*8324678 
10*8315911 
10<8S0716j 
10*8298428] 

10 8§8971tto4| 
10-8281011 
10*3272328 
10*8283662 
10*8255012 
10-8246378 
10*8237761 
10*8229160 
108220575 
l'> 8212007 


Tab. 18. 


Comp. tin. 
— ' ' ^7 


Cotang. 


1371 

1369 

1366 

1364 


010*1 


fi 

31 
30 
29 
28 
27 
20, 
25 

10 8p»454|24| 
10*81&$9I8| 

10 8186398 
10*8177894] 
10*8169405 
10 8160932 
10 *8 152475$'-. 
10*8 1 44034] ^7] 
10*8135608*6 
10*81 jBJ98TO. 
10*8lfsfc)4|14 
|lO-8110425]i3 
10-3102061112 
It) 80937 13:11 
|l 0*8085379 10} 
10*8077061 
J0*8tf68759; 
10-8060471 
1 0*80521 9S! 
10*8043941 
10-8035698 
10-8027470] 
108019257 
10*8011059] 
10*8002875 


Tangent 




LOGARITHMIC SINBS, &C- 


9 Deg, 


Tab. IB. 







LOGAIITTKMrC SINES, &C« 


Tan^iflhDlp*') Cotangent. 


0|>2'J96702 uq n 0*7603298 9 9933515 „„ « 0-0066485 &2463188 
l 9*2103861 ..VT 0*7596139 9-9953292 ‘ - 0 0060708 >2470f69 ;^V1lO-752«l 

£9*2411007 ..V. 0*;j$B995 9‘9933068 ;; 7 0 00069312 >2477939 w 1 >*7523081 

3>2*IHUI . 9*9932845 nil 0 0067155 9*2485297 J*" 1 0*1514703 

4 >24252641 M S{ f ■ 7574736 9*9932021 '' 0-0067379 9*2492643 “I* 10*7507357 
5 I >2452J74( , l>‘ 7507626 9*9932^ \ 7 ^ 0*0067604 fl*24v997b {Jrf 10*7500032 

619-2459470]! 0-7560528 9-99321^71 ' O.V 0 0067829 9*2507301 !”? 10-74^2699 

7!9*2 ’,46358'}, 0*7553142 >9931946 V} 7 0*0069054 9*2514612 ™ 10*7485388 

3i9-2433u32| 0-7546^9*9931720 0*006«280' 9*2521 912 If J; 10*7*78088 

9j9*246UC95 , } 7 ‘ 0*7539305 >09|$^ ^ 0*0068506 9*2529200 
,()(> 24 07140 ’* 0*7532244 ^W12G8 c 0-OOG5&3'.: 9 2336477 

ll]4 2474784 ,^*7 0*75272 10,9*99 11041 '!' }} 0*0068959 #*2543743 
1 2 9*248181 1 Ji, 0* 75 1 8 1 S'-> 1 9 ■ 9 9308 1 4 „ 7>J > 0-0069$j| >25r»0097 
1319*2488827 ' 0*7311 17 J 9 99 50567 1 , 0*0069l|| p-2o56240 

14;9*2495850 0*7^170(9*9930359 0*0069oir9*®56W'2 

15 >250*8^ ! ”; ‘>7497175 9-9930131 ^ 0*0069869 9*257W|2 
10 9*2509803 J ^ 0 7490 1 P7(>99 29902 :, s< , U*(H)70o»8 >257$>0T 
17 9*2516772 V , 0*74832281 9-992967 0 \ ~ 0*00703«7 9*2587099 

16 9*2523729 >7476271 9*9920444 " 0 0070756 9*2504285 

1 F ^J|^075 U*7469035j9 JI 9929214 ^ 0 0070766 9 2601461 

.'[I 0*7462391 {9*9928984 ' P 0*0071016 9*2608625 


, 10*15^6812! 
10*7529433 



ll]9 24747841. 0*7527216,9*99 11041 
12 9*248181 1 Ji, 0*751S1S > 1 9*9930814, 
13(9* 2486327 ?; 0*751 1 17 19 99 50587 

t4;9*2495850 ! ,> ' O*7$0417Oj>9p3.)359 
15 >250*8^ } >7497176 9-9930131 

10 9*2509803 J f yT 0 7*490 1 P7(>99 29902 

17 9*2516772 V , 0*74832281 9-99 29673 

18 9*25237 29 0*747627 19-9929444 

1 P 9*S|^o 75 U * 7 46932 5 j 9*9 9 '29214 

20y®feo9 '[ ' 0*7462391 {>9928984 
21 9^544532 ! ,1; P ‘ 7 4-35 4 6 8 ' 9* 9 9 28755 

20 9*2551444 0*744855t> 9*9928522 

23 9*2 >48344 , , v)*7 i 4 1 6,Vi : »)08 291 

'4 9*2565233 1 f) "*7434707 9*9928059 
2: 9-25721 10 , 14 ’-74‘27»’90 »>37S27 

2»> 9*2578977 , 44 0'14vJ02>>99#7 VJ.r 
*7 9*2565652 1 , 0*741+1 nb!>9927862 

2,* o-j., 92676 1" 3*7407324r9*9927l29 

21 j 9 *2599309 0-74u049 1(9-9926895 

>0! >2 006750 . 0*739367 u l >-9926-.61 


37*4 0*0067379 >2492643 10*7507357 

0*0067604 8*24v997b 10*7500032 55 

; 7 ;> I) 0067829 >2507301 Jjfr 10*7492699 54 
ql7 >0068054 9*2514612 [fj? 10*7485388 53 
o~ t' O-imH'M 9*2521 912 if ; 10*7*78088 52 
: }, 7 . 7 0*0068506 9-2529*00 10-7470800 51 

\ 7 . c 0-0065^3': 9 2336477 , Qn 10*1463523 30 
■: 7 ;j 0-0068959 #*2543743 10*7456257 49 

* 7>J > 0*0()69|iU 9-255099? 10-7449003 48 

0*0069l||p-2o58240 10*744176047 

O‘0()69r4f9*2563472 10*7434528 46 

' 18-2 0*0069869 9*257#|2 o ' . 10*7427308 45 


:.u 4 , O 0O70O98 >2579901 10-7420099 44 

00070327 9*2587099 IjXl 10*1412901 43 
,q.» 0 0070756 9*2594285 ,1^5 ft)*7405715,42 
'38*3 0 00 O°766 9 2601461 [~(£ 10*7398539 41 
’ P 0*007 101 6 9-2608625 nQC , 10*7391375^0 
0*(H>7 1247 9 2615779 go >0*1384221 39 
'*1? 0 00^1473 9-2622921 \ \z\ 10*7377079 38 
;'}* -J 0 (>071709 9 2630053 ^ 10-7360947 37 

W : 0-0071941 9-2637173 } !? 10*7362327 36 
0*0072170 9-264428' ! Si 10-735571795 
‘'l' ^ o-oomi):. 9*2651382 } ?, 10-734861834 
0 0072638 9 2658470 10-7541530 33 

‘on 0 00728719-2665547 7K 10*7334453 32 
' 0*007 3 1 05 9*267^26 1 5 1 0*7327387. 31, 


7(J > J0*73i»367o; l >-9926 , .61 

4 ii * *3,1j i.* f3lI i;ii' ll , n.A|i,| 11 / 1 nr ; 


C : ,0-007 1941 9-2637173 X" 

4 0*0672 170 9 -264428 ■' ! Si ! 
Vu.m 0*0072400 9-2651382 } i, 
'I, ‘ 0 007*38 9 3658470 fj' 
ioi 0 0072371 9-2665547 7K 
;; g 0*0073105 y-261'2615 } 7 ® 


»*'2n 13141 :;;} >73368 79 9 -992 1)4 27 

» 2«> 1 994 1 ' 0*73600 >9!9*99 U'» 1 92! 

-2u '67 20 J J f ,J ()*737527i y-^>?7i>5" 
^8-5507 0*7306495 9-992572C 

^-,0.(74 I 0*7339726 >992!>48«» 
^470 JO ^ ' 0*73 >2970k>*>>25i5i 
>*^53775 ;: 4 «»• 7 ;46>r> >*99250 :: 


-uin 0*007 3339 .9 2t>79669 1I7A 10*7320331 30 

J * U Lk n(173'i7.'i 9 •jrftfhlA 1 - 10*7*113230 29 


3;>M8 -,0.(74 
36W9m7o;;i 
87)9*^537751 
JS:9-:660509j 


[O’ 7 33‘> 491 19*90241711 
0*7 13276s! 9* 99^408 9 


■40:0-201 i945j ,» •7326055 9*9«24SW 

1 J 9 ,1 26SIV;47| / ,>*7519355 >99 24(>o8 

42:9 26S73581 if! U 7:H2«.6‘* >L'925s24 
!.;( l '*2('f>40i9: ;>o 7305^*81 >99,25365 

s4 9*270. 639 ! 4 iO*7‘>Hi >11 9*999.‘-7 4o 

4 i7ir (l/ iS, Jl:! -72926 >2 >992511* 
16(9*27 1 ■^’97l JtfffiiO-7 2s6(K) ; 9*9922866 
* 7 1 > 27 2 06 55 1 1 JS 0 -72798 65 9 - 99 22626 
18 '>-272726 ij 7275237 9-9922385 

If >| u * 27838 i>0l ! 1 ! ( Ij 0- 7 266 1 20 9*9922144 
5 o!> 27 i.0+87 nnft 0*7259513 >£1921902 
•>1(9-2747083 g 0-72529l7;9'^2ln60 
'*2)9*2753669 0-7246531 |>i)92H18 

9-2760245 g ' 0-7239755:9*9921175 
Vi >2760311 1 (Vic* 0*7233 1 8919*9920932 
55 9*277381,6 ’ >'1^(>634!9' ( »«2068 f > 


■ u , 0 0073 5 78 j9 2686714 , \ 79 
~ - 0-007 5S08 >2o93749 }}. n 
;! “ 0-00710^)92700772 , ‘y 
1; ' 0 0074275 >2707730 , ; 

0*007 4514{>27 14788 
1 0 / 0 007475oty 2721780 ! f A 
. J 0UU/VJS7 9-27*38762 . fl , 
UH07.V22V9 2735733 Igy 
Y 0 *; 0 0075431 9-2742694,}^ 
o„- 0 00756 1 ‘9 92749644 
Y'! •'•(»»/ 5917 >2756584 , , 

: u 0076170,9 2763514 
‘'■I flu 0076415 >2770434 1 - , 
? 9 ?,bo >7685 i f ' 2777343 JJi* 


■ v 0 0i7(,:>.n *'277/8+3 n5 | 

T ? ,0-007 6994 9*273+242 b 10*721 


10*7313286 29 
1 0 ‘730625 1 1 28 
10*7299228 27 
10*7292214 26 
10* >285212 25 
10*7278220 24 
1 0*727 1238 23 
10*7261267 22 
10-725730621 

10*7250356 20 
10*7243410 19 
10-7236*486 1$ 
10*7229566 17 
10*7222657 16 


. ,U *UW Oil:-* y + , . in 1 u ^ 

0-0077151 9 2791131 VTJ. 10 7208^69 14 
4 ? 0 10*0077371 >27y80O9 } 10*7201991 13 

0077615 9-2SOV878 10*7195122 12 

iO'0077S5t >2811736 ™ 10-7188264 11 
40*3 1141 

7 0*0078098 9*2s 1 858 5 . , An 1 >7 181415 10 

4t ' 3 10-0078340 9*482.5423 ! « ' 10*7174577 9 
i0 ' :i 0*007558': >2832251 } ^ 10*7167749 8 


(Vi'UV/ * 1 1 1 

io -0078825 9-2S39070 


55 9*277331,6 ’ . 0*V36C634!>‘ I « JOGS'* 

m, ‘■*•277991 1 ! ,.y' 0*7220039 >9 f > 20445 

57 9*278644 s O o 7 l0*72 1 5553 >9920201 

58 9*2792970 0*7207030 9*9919956 

59 9*2799484 ^ 0*7200516 >9919711 

60 9*2805988 Uh * 0*71 94012 9’ 99 1 9466 

Oonine DH/^Comp.co^. Smo 


10*7181415 10 
10*7174577 9 
10*7167749 8 
10-7160930 1 
10*7154122 6 
1U’7 147323 5 


j 40 ' 5 0 0079066 9 2845878 : 10 7154122 6 

, 10 ‘ 5 0*007931 1>28526^7 , !'«' 10‘7 147323 5 
, 4n *3 0*0079555 9-2859466 10 714053^ .4 

40 7 .0 0079799 •,•<.>866245 « '0’7I33ZM 3 

i +i, ' 8 'O'O0B004) l > ‘.S-30U Jo, ,0*712fi()S6 2 
40-8 0*0080^9 9-aS7<m3 10-7,20247 1 

i 40 '8 0-noso'»:,4 8 28865^3 “ 10-7118477 0' 

D 1 0 "|Coui|>. fiin. Colttiic. DIO" Tangent^ ‘ 

Deg. 79. 




m 


1 1 I>tep. 


JaOCAJttTRMXC SINES* 


iifS- sin 


TUT 





ms. 

8961 
%5-m 
9-263 19fb 
'j-W8359 
0-2844803 

9*2t55l$l7 
j 9* 12657061 
[9*2864-076] 
9-2870$&>! 


1071 
1069 
1067 


1032 
1081 
1079 1] 
1077 
1076 
10741 


0*7^H',Ai‘99l9466 ! 


6*7 life 17 
0-71^033 
0'71^Mi] 
[«■ -7 16609# 
0*7161641 
0*7155197] 


1 ^’0-7 148763; 
0*7 U23S9 
0-71059241 


>$9192*0] 

SW1B974] 

9*991 872 1 

9*991 8480 

9-0918288 

9*9917980 

9-9917737 

9-9917489 

9*9917,240 

1 9/9916991 


42|9*2S83'-60 twu _ 
13j f )*i>88%3C> !l0b3 
Hip*, 2896001 ] 
I5j9«29()2357 
16 ' 9*29^704 

l?i-9-29l 


lOoi 

1059 

1057 

X 

itbl | 

10..0 


0*7129520 

]0i7 1^1251*9^0741 
0 7^6740 
0*71 10364 
lo-7J#S999 
|0*7te7643 


0-709 1296p) *991 54S3| 


lt*4S 
1046 
104-'' 
1043 
1 042 
1 0-10 
1039 
1037 
1046 
1034 
1032 

Holt 

10.10 

I02K 


jO-7034960 

0-7076633, 

10-7072315 

j(MH)66i)07 

0*70597091 


\b 9*292106* 

19 y-Q^7685| 

20 9*2y3 > ^»] 

21 9-Z9-+0-.91 
~2 9*2946 *■»(■• 

23 9 2952859 
-J 9*2959129! 

,2o ffgi0ot539O l 
^1^7(641 

27 $$017883 

28 9%-*4tlO 
29f-2990339| 

30 9*</9‘»6 5j3 

02 y -3008953 

i3$ -)\J0 15140 
[34 9*3()2 1317 
|3J 9-iOA4a5 
136 0.303564-* 
j3? <9*3039794] 

|38!9-30459 U 

i3S'|-J-3gjaOC.:.|Jy'p;o-6947934] 
1 4019*3058 189] 

4 1 14-3064303 


|u*7i 53420 

6-7047141 

0-70-10S 1 

v»-7i)w-4610! 

0-7028359] 

0*7022117 

0-701&S84) 

0-7009661 

0 -70^447- 
0*6#T242 
0-6991047 
|0r6#84*6i) 
M&78680 
0*6972315 


l^l-ccy^c] 
1023 
1 022 


O-69W&O0 
]0- 695 1066 


42^*3070407 
4319-3076503] 
; 44 jy *3042390; 


9*3088668] 
9 309473271 


Cosine. 


9 *$16492 
9»if&41 
9*99 15990 
9*9915739 


ump.eos. 


*0080534 
C)*qi>8U780 
0*0081026 
0#Bp 

o-Qoerwo-: 

0-0^820 1 4] 9- 29268 1 


T*ugeut 


Cotangciat 

□ 



41 
41 
41 
41 
4b. 

41 
41 
4.1 

41 
Ai; 

42 

ips0O835O8 *9-29667691 
^ : #^>637j9 9*2973^5 


0-008 2363 19- $9 33500 
0*008 25 Hi8jiM0172| 
o-mwfwwms 
0-008lp#-2953489 
|0-O083i3TOi9*296O134| 


9*99152361 
9*99)4984 
9-9914731 
9-991 4 4781 
9*99J4-25j 
9-991097 1 
9*^9 i 3717 

9-9913207 
9*9912952 
9-91^2690 
9-9912440 
9*9912184 
9*99 11927 
9-991 1 670 
9*991 1412 
[9-9911164 
9*9910896 
9-99106371 
*9-99 10378) 
9*99101 19! 
[9* y 909859| 
(9*9909598 
9 990‘$3 j&| 
9*9909077 
9-990881.*> 


;0-6941811 
,0-693K>97! 

1 ' l 0-ft9a§593' 
°jV : 0*69^3^7;9-990855^ 
0*691741019-9908291 
} J 0- 60 1 1332/>99()5()^9 
f ; (J • 69< >3 263 ! 9 *9907 166 

[9-31 007 98|;^iO-68992O2j9*09O75O2 
io‘6893 1 51^9907239 
J ""l j 01-6887 1 08(9-9906974 
. ' J0*6881074|9-990671^ 
nn; °*6875o49j9* 990644^ 
;;;;;; Ii)-686 f jo32;y-99om8e 
!0-0863024!9*99059l4 


9-31068491 
[9*31 12892) 
19-3118926 
9-3124951 
19*3130968 
|9*3136976; 
9 *3 142975; 
[9-31 48965] 
[9-3154947 
9*3160921 
>*3166885 
>•3172841 
1)9*31787891 


100 
lOOO] 
9.98 
997 
996 
091 
992 
99 i i 



0* 6 c - 5702519 *9905648 
to* 6B5 f 035#: 9905382 
0*68460.53 19- 99051 15 
0*6839079 9-9904848 
0-68331 1519*990*560 
0-68271 59(9*99043 12 
Q- 6821 21 ljO*99 QjrQ44 

Sinl' 
-4- 


42 

42 

*2 

42 

42 

42 

42 

42 

42 

42 

42 

.42 

42 

43 
43 
43 
43 

43 

'43 

43 

43 

43 

43 

43 

43 

43 

43 

43 

44 
44 
44 
44 
44 
44 
44 
44 
44 

44 

44 

44 

44 

44 

44 

44 

45 
45 
45 


-0084010] 
0- 0084261 
[0*006451^1 


O' 1 008476448(^999804 


9-2886523 

9-2893263 

9*2899993 

9*2006^3 

9*29134! 


1123 

1122 


>•298001*1 
>•2986618) 
9*29932 f6 


0*0085016 

0*0085269 

0*0085522 

0-0085775 

0*0086029 

0*0086283 

0:0086538 

0-0086793 

O-O08V048 


0*00873(^9-, 3065187 
0-0037 560®K)f)7 1 675] 
|0* 0087816] 
i 0*0088073' 

0*0088330] 

0*0088586 
0*0088846 


19*3006333 
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0-2917550]! 
|0* 29 15425 
0-29133Q f | 
o-29i ms 


>53 

.353 

'353 

350 
352 
352 
352' 
352 

351 
351 
,351 
351 
350 


0*2909057 

0*5906937 

0*2,904818 

0*2902701 


Cosine. 


WlO’liomp.cns, 



&*0362<M 

'9*9361360] 

! 9*936062f 
9*9369^81 
|9*935014I 
158401 
l5/66( 
[9*9306918' 
[9*9356177 
9*9355434] 
9*9354691 
9-9353948 
9-9358204 
9*93524591 
9-93*5171 
9*935096.91 
9*9350223] 
9-934.9477 
|9 9548130 
[9*9347983 
9*9347235 
[9*9346486 
9-9345738 
[9*9344938 
9-9344238] 
[9-9343488 
9*934*2737 
9-9341936 
9*9341234 
[9*9340482 
9*9339729 
[9-9338976 
9*9338222 


&*, 

isefr 

ia*i7] 
122 1 

ml 

mi 



3 

123 

123 

m 

123 
123 
‘123- 
123" 
; 123 
■123 

123 
123, 

124 
124 
124 
124 
124 
12* 
124 
124 
124 
124 
124 

124 

125 
125 
125 
125 
125 
125 


[0*0032746 9^7640421 
o*()6i|343,l 

0*0034217 

0*0634953 

10*0635^9 976? 804$ 


0*0636426] 

0*0637164' 

0*0638902 

0*0638640] 

0-063.9579; 
0 0040119] 
0m *6408591 
O-OOll 59? 
0-0642540 
0 06 4 3 0*8 2 
0-0643823 
0*0644566 
0-0645309 


0*5900585 9-9337467! IjJ* 
9*9336713 11 
9*9335357 
'9-933520 1 ! 1/0 


0-289847 1. 

0*2^96358; 

0*2894247 
[0*2892 1 3719*9334445] 
]0*2890028|9*9333688' 
0 V '2887920]9;933293 1 
0*2885814 9*9332173 
0-2883710 9*9331415 
{0 $8810010*0330656 


1 . 

16201^9-169 


0* 0626884 
0*0021615] 
. 0-0621 
0*0629( 
0-0629811 
O 1 0630544 

0-0631218 

0*0632012 


; 9*J 

.>7631*81 

^K.W’92 

|9-76377<*S 

f7SW6tS 

WntfS&O 


nr — 


Tab. is. 




jp-lSsasof) 

[97655143 


>486 

*Sffi 

48? 
48€ 
■4M , 

■4S5«j. 
484 
4M' 
484 
484 


9 7600949 
9 7663851* 
9 7666151 
97669651] 

97672550 ] 

1 9-7675440 
9*7678344 
9T681240] 
[9-76841 
9-10870291 
9-786992# 
97692814] 
]$*7G0310: 


[0*0646052197098596 
9 7101485 
[9-7704375 
9-7707261 


|0*064679t>| 
kv 0647541 
0*0643 '85 ! , 
0‘i:6iW;p7710l47i 
|O*O640777 9-7713083! 
|o '065052319 77 159 17] 
0*065 1 270'9'71 1880 1 


0-06520 1 7 
0*00527 65] 
0*06535 1 J 
0*0654262] 
0-0635012] 
0*0655762 
0*06565 i 2 
- 0*065726 
[0*O658 OJh, 
0*0658766 
0*06595(6 
0*0660211 
0-0601024 
0*0661778 
0-0662533. 
0* 0603281! 


j5^{cooip>cog4 - jMoft 



9-7721084] 
0 7724566 
9-7727447 
9-7730327 
9*77 u 33206| 
«-^pJh084] 
9*7738961 
9*774 1833] 
9*77447 13 
9 7747588 
9 7750462 
9-7153334' 
9 7756200] 
[9775901 

]9?l| 61 947. 
>f 764816] 


( 4Wfc 


484 

483' 

483 

483 

483 

4*83 

483 

482 

482 


-4m 




40*2385^0 0! 

wsMftm *[ 

1 0*33768?! 59 

10#73!r*M 
flO*2S11034 5$ 
10-236811^54 
lO-236S^(fe 5,1 

40*^02298 Sift 
10*fe35&3lWpf : 
10*2351 
10*2! 

1O*23'500 ( 
10*23477'Bi’ : ^f| 
lO*'Z3$-4&5f U\ 

\Tifrmmv YI1 
10*23061 49 43 
^ 0*2333249 4»j 
*©■$39094$, 4f 
1 0*83*14501 to] 
10-2324552 
10*2321650 
10*231 8?6<' 
10-23)5865 
1(1*2312*71 


661827 9- 77820 1 % J, 
!68585>7784K75* 
@5^344 9-7181787 4 


ko*^ ; ^067i' 

482 
482 
481 
48 1 
481 
481 
461 
481 
481 
480- 
480 
460 
480 

.480 
430 
479 
479 
479 

iZ?Ji 0*2252412 
479 1^0-2249558 
[(0*2246666 
10*2243794 
10*2240923] 
1O-223B053 
10*2935 184] 
10*2232315 
1 6-2229448 
10*2226583 . . 
10*2223716] H 
10-22308^1} S] 
10*2i>l7jiS ' 
10*2215135 
10*82(3363 

j >Ta gn r 

mp»& 


1*0*2307 1 86 
»0*8flbtt&95 
10-2;i0l40*l| 

10-22985) 
10*2295621 
10*2292739' 

10-22 mM 

jl 0*2286^)67' 
,0‘3#S4083! 
10*2281199! 
10*22183 16' 
10*2275434 
10*2272553 
10*2269673^0 
1 0-2266794 
10*2263916 
10-2261099 
10*2258162 
10*2255287 













m 

M Sine 


X,0GA111T$IM!C SINE5, &«. 


v’ i\ 


Tab* 18, 


QlO"jComp«$inJ 


9*1118393 
9-7120495 
£19*7122596 
3J9-71 24695 
0-7120792 
|9*71 28*89 
9*7 1309 b 3 
9*7 1 330“? 1 
[9*71 33 1 69 
1372G0 
9*7139349 
9 7141 437 
9*7148524 
9-7M5609] 
J9-7-147093 
9*7^9776 
W51827 
9*7153937! 
9*7156015 
|9-7 158092) 
9*7160168 
9*7162243 
9*7164316 
19*7166387 
19*7168458 
[9-7170526 
9*7172594 
9*7174660 
9*7176725 
9*7178789 
9*7180651, 
9‘71829l2| 
9-7184971 
9*71870301 
9*7 189086] 
9*119114 
9*7 1513 1961 
9-71.95249 
9*71J)730Q| 
9*7 
9*720 1399] 
9*7203447] 
9-72054931 


4 

5 

6 
7 
* 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
(27 
28 
29 

iao| 

b 


.345 
345 
345 
345 
345 
344 
344 
344 
344 
343 
343 
343 
343 
343 
342 
342 
342 
342 
341 
341 
3il 
341 

[9 *7207538 [ 
9-7209581 ' 


350 

35Q 

350- 

349 

349 

349 

349 

349 

345 

346 

348 

348 

347 
347 
347 
347 
347 
346 


0^881607 

O'* 28 79505 

0-2877404 

0*2875305 

Q- 48732QS 

0*2871111 

0*2869017) 

0*2866923 

|0*28B4gSl| 

0*2862740) 

0*2860651 

0*2858563] 

,0* 2866476] 

0*2854391 

0-28523071 

[0*2850224 

0*2848143] 

0*28460 63 


Co&i uq 


19-9330054 

]9*9329^ 

9*9329137 

9*9328376 

19*9327616 

[9*9326854 

9326092 

9^9325330 

9*9324567 

9*9323804 

9*9323040 

9*9322276 

9*9321511 

9*9320746 

9*9319980 

9*9319213 

9*9318447 

9*9317C79| 


moro 


(imp. 90 s. 


346 i, 
346 ‘ 


4(0*f0VWV|^ <1 / W «7 

0-2845985 9*9316,911 
0*‘2841908|9*9316143| 


0*2839832 
10*2837737 
0*2835684 
]o* 2833613 
,0*2831542 
0*2829474 
0*2827406 
0*2825340 
0*2823275 
0-2821211 


0*2819149 

0-2817088 

0-2815029 

[0*2812970 

0-2810914 

0-2808858 

0*2806804] 

0*2804751 


340 

|9'72il6*25| s . ( \ 10*2' 
|9*7213664i* An to-2 
9*7215704 



2800650] 
0*2798601 
|0 *2796553 
0*279450’ 
0*2792462! 
0-2790419] 
0*2788377 
3*0 .'«-«S6.13Gj 
fV’ I0-S-784W6I 
359 |° 3W!»“! 

g o'swoaan 

3 ^778186] 

HI [0*2716152 
,Su {0*27741 19 
10*2772087 
10*2770051 
0* 27680281 
0*2766000 
0*2763974 
0*27619491 
0*275,9925 
0*2757903 


3: 

338 

336 
333 
338 

337 
337 
337 


9*9315374 
9*9314605 
9*9313835 
9*93 16063 
9*9312294 
9*9311522 
9*9310750 
9*9309978 
9*9309205 
9*9308432 

9*9307658 
9*9306883 
9*9306109 
9-9305333 
[9*9304557 
9*9303781 
9 * 9303004 
9 -93022261 


126* 

127 

127 

127 

127 

127 

127 

m 

127 

127 

127 

127 
127' 

128 
123 
128 
128 
128 
128 
128 
128 
128 
128 
128 
129 
129 
129 
129 
129 
129 


0*0669344 
[0*0670103 
0*067086319 
[0 0671624 


0-0673384 

0 0673146 9 7802034) 
0*0673903 9*7804891 


0 0674670 9 
[0*0675483 
0*0676196 
0-0676960 
l 0*06777 l 24 
0*0678489 
0^6793541 
0*0680020 
0*0680787 
0 06hl553| 

0 0682331 


0*2803700 9-9301448 


9-9300670] 

9*9399891 

9-9299112! 

9*9298532] 

9*9297551 


129 

129 

129 

129 

129 

129 

130 
150 
130 
130 
130 
130 
130 
130 


19-71 877l?1 
[9*7790599 
'7934591 
19^7796318 


807747, 
]9*78 10602 
9*7813456 
9*78 16309 
9*7819162 
9*7822016 
9*782*864 
9*7827713 
9*7830562 
9-7833410 
9*7836258 


O*O683O&9l9*7839104r| 


[0*0683857 
0*0684626] 
0 06853951 
0 0686165^ 
0 0686935 
0*06877*06 
0*0688478 
0*0689250 


9-9296770] „ 
9*9295 l ,eO; 


|0* 06 907 95 ! 
0*0691568 
0*0692342 
0*0693117 
0*0693891 
0-06946671 
0 0695443 
0-0696219 
0*069 6996 
0 U697774 
0*0698552 
0*0699330 
[0 0700109 
0*0700888 
r 0/0 1668 
[o 07 02449 
[0 0703230 


9*929 520' 

i9-929+424 

[9-9293841 

9*9292857 

9*9292073] 

9*9291289 

9-9290504 

9*92897)8 

19*9288932, 

9-9288145 

9*9287358 

[0*9286571 

9-9285785[ 

9*9284904 

9*92^205] 


l)1Q"|Comp.co* 


Sine 


rio 

130 

130 

131 
131 

131 

131 

131 

131 

131 

131 

131 

131 

131 

131 

iolffl 


2® 0*( >704011 
0*0704793] 
0*0705576 
0 070 6359 
0*0707143 
0*0707927 
0-0708711 
0*0709496 


Tangent 


BIOT 


9 7841949 
8447941 
,9 7847038 
[9*7850481 
[9*7853323 
9*785616) 
[9*7859004 
9*7861844 


0*0090022)9*7864682 


9*7867520 
9*7870351] 
9'7873193j 
9*7876028 
9*7878863] 
97881696 
19*7884529! 
9*7887361 
9-7890192] 
9*78°3023] 
9*7895852) 
[9*7898* 81 

9*7901508! 
9*79043351 
9*7907161] 
[9*7909987 1 
7912811 
9*7915635 
9*7918458: 
9*7921280: 
9*7924101 
9*7926921 
9*7929741 
9 7932560] 
[9*7935378 


Cotangent 


TiFSSmSSod 

10*2209401 
10*2206541 58] 
10*2203602 57 
10*2200823 56] 
10*2197966 55 
10*21951-09 54! 
|l 0-21 92253 
10*2480398] 
10*2186544 
10-2188 69lfa0| 
10*2180838149 
lO-9t77987! 
10*21751361 
10*£l72287j46| 
10*21694381 
10'2166590i 


10*07 10282 9 7938195 


0-07H068 
0-0711855 
[0*0712542 
0*07 13429 
,0*071421# 
;0*07 1 5006 
0-0715795] 


Comp. siu. 


9*7941011 
9*7943827| 
9*7946641 
9 7949455 
19*7952268 
9*795508 1 
D*795789C| 


477 
477 
477 
476 
476 
476 
476 
476 
476 
476 

475 
475 
475 
475 
475 
475 

[ II 1 ? 1 ! 10*2 163742 
r 474 110*2160896 
10*2158051 
10*2155206 
10-2152362 
10-2149519 
10*2146677 
10*2143836 
10*2140990 
10*2138 156 
10*2135318 
10*2132480 
10*2129643 
10*2126807 
10*2123972 
10*2121131 
h>*2 118304 
10*21 15471 
10-2112639] 
10*2109808] 
10-2106977 
10-2104148 
10-2101319 
10-2098492 
10*2095665 
10*2092839 
10*2090013 
10-2087189 
10-2084365 
10*2081542 
10*2078720 
10*207589942] 
10-2073079 
10-2070259 
10*2067440 
10*2084622 
1 0*206 1<805 
10-2058989 
10-2056173 
10 2053359 
10*2050545 
10*2047732 
10*2044919 
10-2042108 


Cota nff* 


414 

474] 

474 

4741 

474 I 

473 

473 

473 

473 

473 

473 

473 

472 

472 

472 

472 

472 

472 

472 

47 > 

471 

471 

471 

471 

471 

471 

471 

470 

470 

470 

470 

470 

470 

470 

469 

469 

469 

469 

469 

469 

469 

468 


Bin 1 


Tangent 


peg. 58, 
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M Deg. .... Tib. 18. 


t 

Siat 11 

IMO*' 

Somp.son. 

Cosme 

DIO tt 

Comp.coS. 

Tangent 

bio* 

Coumpent 

I 
60 
59 
58 
57 
56 

54 

9 

M 

50 

40 
48 
47 
46 
45 
44 
43 
42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

99 

28 

27 

26 

2ft 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

1» 

12 

II 

10 

4 

8 

7 

6 

i 5 
> 4 

7 3 

1 S 

2 1 

5 0 

s 

3 

4 

5 

6 

7 

8 
9 

10 

11 

18 

13 

14 

15 

16 

17 

18 
19 

SO 

21 

22 

23 

24 

25 
2G 

27 

28 
39 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 
W 
45 
4u 

47 

48 

49 

50 

51 

■52 

54 

155 

M 

y> 

x 

61 

9*7242097 
£>72441 18 
9*7240138 
9*7243156 
9*7250174 
9*7252189 
9*7254204 
9*7256217 
9*7258229 
9*7260240 

9*7262249 
9*7264257 
9*7266264 
9 7268269 
9*7270273 
9*7272276 
9*7274278 
9*7276278 
9*7278277 
9*7280275 

9*7232271 
9-7284267 
9*7286260 
9*7288253 
9-7290244 
9*7292234 
9*7294223 
9*729621 1 
9*7298197 
■9*7300182 

0*^302165 
9*7304148 
9*7306129 
9*7808109 
9*7310087 
9*7312064 
9*7814040 
9*7316015 
9*7317989 
9*7319961 
19*7321932 
[9*7321902 
9*7325870 
9*7327387 
9*7329803 
9*7331768 
9 7333731 
9*7 335693 
9-7337654 
1 9*7339614 

19*7341572 
9-7343529 
1 9*7845485 
l 9*7347440 
. 9*7349393 
> 9*7351345 
1 9*7353396 
i 9-7355246 
19*7357195 
>9*735914$ 
)[9*73610$E 

337 

337 

336 

336 

336 

336 

335 

335 

3,35 

335 

335 

334 

334 

534 

334 

334 

333 

333/. 

333 

333 

333 

332 

3 32 
332 
332 
:m 
331 
331 
331 
331 

1 330 
; 330 
• 330 
330 
329 
■ 329 
‘ 329 
329 
i 329 

I 328 

, 328 

1 328 
| 328 
! 328 
327 
327 
827 
327 
327 
326 

326 
326 
, 326 
, 325 
' 325 
! 325 
! 325 
’ S25 
\ 324 
| 324 

>2757903 
1) '27 55882 
0 275S862 
0-2751844 
0*2749826 
>•2747811 
0*27457 96 
0*2743783 
0 2741771 
0-2739760 
0*273775) 
0-2735743 
0*2733736 
0 2731731 
0*2729727 
0*2727724 
0*2725729 
02723722 
0*2721723 
0*2719723 

0-2717729 
0 271573J 
0-2713740 
0 2711747 
0 2709756 
0 2707766 
0-2705777 
0 2703789 
0*2701803 
0 2699818 

0-2697835 
0-2695852 
0 2693871 
0 2691891 
0-2689913 
0-C68790O 
0-2685960 
0-2683985 
0-268201 1 
0-2680039 
0-2£780fifc 
0 SWdOlib 
0-2674130 
0*2672163 
0-2670197 
0 2668232 
0-2666269 
0-2664307 
0*2662346 
0 2660386 

0 3658*28 
0-2656 Wl 
0 2654515 
0*2652560 
02650607 
0*2648655 
0-2646704 
0 2644754 
0-2642801 
0*264085* 
0 26389 1 5 

4-9284205 

9 9283415 
9-9282625 
9-9281834 
9-9281043 
9*9280251 
9*9279409 
9-9278666 
9 9277873 
9*9277079 

9*9276285 
9 9275496 
9-9274695 
9-9273899 
9-9273103 
9-9272306 
Q -927 1509 
9-9270711 
9 9269913 
9-9269114 

9-9268314 
9-9267514 
9*9266714 
9-9265913 
9-92651 12 
9*9264310 
9-9263507 
9 9262704 
9-9261901 
9-9261096 

9-9260292 
[ 9 925 94 S 7 
19*9258681 
9 9257H75 
9-925706*9 
9 9256261 
9-9255454 
9*9254646 
9-9253837 
9-9253028 

9-9252218 
9*9251408 
9-9250597 
9 9249736 
9-9248974 
9-9248161 
9-9247349 
9-9246535 
9-9245721 
9*9244907 

9-9244092 
9-9243277 
9-9242461 
9 9241614 
9-924082'J 
9*924001(1 
9-9239191 

1 9-9238372 
> 9-9237554 
? 9-923673*1 

2 9*9235914 

132. 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

133 
133 
133 
133 
133 
133 
133 
133 

133 

133 

133 

133 

134 
134 
134 
134 
134 
134 

134 

134 

134 

134 

134 

134 

135 
13n 
135 

1 35 

1 35 
135 
135 
135 
135 

135 

136 
136 
136 
136 

136 
136 
136 
; 136 
. 136 
136 
, 136 
136 

l3 l 
; is-? 

>0*15795 
*0716585 
0*0717375 
0-0718166 
0*0718957 
0*0719749 
0*0720541 
00721334 
0 0722127 
0*0722921 

0-0723715 
0*0724510 
0 0725305 
0 0726101 
0-0726897 
0-0727694 
00728491 
0*0729289 
0-0730087 
0-0730886 

0*0731686 

00732486 

00733286 

0*0734087 

0*0734888 

0-0735690 
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